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One question facing highway engineers is 
whether to widen lanes and shoulders on existing rural 
roads to meet current design standards. In most states, 
a percentage of highway funds is allocated annually 
for design and operational improvements on rural 
roads. Limited funds, of course, compel implement­
ation of those improvements which are most cost 
effective. Improvements in rideability, capacity, and 
safety are primary objectives. 
Narrow lanes are associated with head-on collis­
ions and low highway capacity. Narrow, unstabilized 
shoulders may reduce capacity and increase the chance 
of run-off-road accidents. Some researchers claim, 
however, that wide paved shoulders encourage leisure 
stops by motorists which cause rear-end and side-swipe 
accidents, particularly at night. 
The available funds should be spent on projects 
which are cost-effective. Therefore, before lane and 
shoulder improvements are decided upon, the relation­
ship between widths of lanes (and shoulders} and acci­
dent experience on different types of roads should be 
ascertained. Highway conditions such as traffic volume, 
access control, and highway type should be considered 
to determine how these relate to safety of various lane 
and shoulder widths. 
BACKGROUND 
Lane and Shoulder Width Standards 
The design standards used by the Kentucky 
Bureau of Highways for pavement (driving lanes) 
and shoulder widths are given in Table 1 for the six 
classes of highways. Minimum standards for pavement 
width range from 16 feet (4.9 m} in Oass 6 (AADT 
below 100) to 24 feet (7.3 m) for Class I highways 
(AADT above 5,000). Minimum width of pavements 
are dependent on highway design speeds in Classes 2, 
3, and 4. Standards for shoulder width range from 2 
feet (0. 6 m} for Class 6 to 12 feet (0.6 m} for Class 2. 
Class 1 roads call for special design of shoulders ( 1). 
The recommended design standards for pavement 
and shoulder widths as given by AASHTO are present­
ed in Tables 2 and 3 (2). Pavement widths exceed Ken­
tucky standards for low traffic volume roads. Minimun 
AASHTO widths range from 20 to 24 feet (6.1 to 7.3 
m}, depending on traffic volume and design speed. 
While Kentucky standards allow shoulders of 2 and 3 
feet (0.6 and 0.9 m} on low volume roads, AASHT() 
and Kentucky standards are about the same (1,2). 
Standards for pavement width based on econom­
ic considerations were developed in a 1976 study by 
Shannon and Stanley for the Idaho Department of 
Transportation. An analysis of 671 highway sections 
covering a total of 3,396 miles (5,468 krn) was made. 
Construction, maintenance, and accident costs were 
found for various widths. Based on the economic 
analysis, standards for the paved surface (pavement 
plus shoulders} were set for two-lane roads and traffic 
volumes, as follows (3): 
Current Minimum Paved 
AADT Width, ft (m) 
0-249 0 (0) 
250-399 20 (6.1) 
400-749 24 (7.3} 
750-999 28 (8.5) 
1 ,000-1 ,999 34 (l 0.4) 
2,000-2,999 40 (12.2} 
Lane Width and Safety 
On 18-foot (5.5-m) pavements (9-foot (2.7-m) 
lanes), cars pass oncoming trucks at clearances averag­
ing only 2.6 feet (0.8 m}. Cars usually do not reduce 
speeds or move to the right to increase this clearance. 
On 20-foot (6.1-m} pavements, average clearances 
are 3.5 feet (1.1 m}. Clearances between vehicles are 
I foot (0.3 m} or less for one of every eight meet­
ings on 18-foot (5.5-m) pavements and one of every 20 
meetings on 20-foot (6.1-m) pavements. When a truck 
meets an oncoming truck, all of the clearance distances 
are less. Trucks overtaking other trucks remain center· 
ed in their lanes only when lanes are 12 feet (3.7 m) 
wide or greater. Clearances for cars overtaking other 
cars are only 2.3 feet (0.7 m) on 18-foot (5.5-m) pave­
ments aud 4.8 feet (1.5 m) on 24-foot (7 .3-m) pave­
ment (4). 
Results from several studies suggest benefits from 
widening roads in Illinois; the widening of an: 18-foot 
(5.5-m} pavement to 22 feet (6.7 m} on 224 miles (361 
km} caused a reduction from 230 to 140 accidents per 
100 million vehicle-miles (160 million vehicle-kilo­
meters) (39-percent reduction) (5, 6). In Louisiana, it 
was concluded that narrow lanes contribute signifi­
cantly to injury and fatal accidents and wet-weather 
accidents. There, accident rates on rural roads de­
creased from 2.4 accidents per million vehicle-miles 
(1.6 million vehicle-kilometers) on 9-foot (2.7-m) lanes 
to 1.8 on 10-foot (3.1-m} lanes and 1.5 on 11- and 
12-foot (3.4- and 3.7-m} lanes (6, 7! 
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TABLE 2. AASHTO MINIMUM WIDTHS OF PAVEMENT FOR TWO-LANE HIGHWAYS (2) 
MINIMUM WIDTHS OF PAvEMENT FOR DESIGN VOLUMES OF 
DESIGN 
SPEED CURRENT AADT CURRENT AADT CURREN'r AADT 
MPH M/S 50-250 250-400 400-750 
DHV DHV DHV 400 
100-200 200-400 AND OVER 
FT M FT M FT M FT M FT M 
30 13.4 20 6.1 20 6.1 20 6.1 22 6.7 24 7.3 
40 17.9 20 6.1 20 6.1 22 6.7 22 6.7 24 7.3 
50 22.4 20 6.1 20 6.1 22 6.7 24 7.3 24 7.3 
60 26.8 20 6.1 22 6.7 22 6.7 24 7.3 24 7.3 
65 29.1 20 6.1 22 6.7 24 7.3 24 7.3 24 7.3 
70 31.3 20 6.1 22 6.7 24 7.3 24 7.3 24 7.3 
75 33.5 24 7.3 24 7.3 24 7�3 24 7.3 24 7.3 
80 35.8 24 7.3 24 7.3 24 7.3 24 7.3 24 7.3 
Note: For design speeds of 30, 40, and 50 mph, (13.4, 17.9, and 22.4 m/s� widths 
that are 2 feet (Oa6 m) narrower may be used on minor roads with few trucks 
TABLE 3. WIDTHS OF SHOULDERS FOR TWO-LANE RURAL HIGHWAYS (2) 
DESIGN VOLUME USABLE SHOULDER WIDTH 
CURRENT AADT DHV MINIMUM DESIRABLE 
FT M FT M 
50-250 4 1.2 6 1.8 
250-400 4 1.2 8 2.4 
400-750 100-200 6 1.8 10 3.0 
200-400 8 2.4 10 3.0 
400 and over 10 3.0 12 3.7 
3 
Shoulder Width and Safety 
Several previous studies involving rural, two-lane 
roads have included correlations of shoulder width 
with accident occurrences. Considerable variation in 
findings have been cited. One study in Oregon 
concluded that total accidents increase with increasing 
shoulder width except for roads with AADT's o f 3 ,600 
to 5,500 (8). Shoulders over 8 feet (2.4 m) were found 
to cause significantly more accidents than 3- to 4-foot 
(0.9- to 1.-2-m) shoulders in another study (9). 
Connecticut found a decrease in all accident types with 
increased shoulder width for AADT's between 2,600 
and 4,500. Reverse correlation existed below an AADT 
of 2,600 ( 1 0). Only a slight correlation was noted be­
tween shoulder width and accidents in Louisiana (7 ). 
Others have found a definite benefit from wide 
shoulders. In California, about twice as many injury 
accidents occurred on roads with 1- to 3-foot (0.3-
to 0.9-m) shoulders than for shoulders over 6 feet 
(1.8 m) (for most AADT ranges) (11). In one New 
York study, reductions in accidents were observed as 
shoulder width increased, especially in the 2,000-
6,000 AADT range; no correlation was found for 
AADT's below 2,000 (12). In another study in New 
York, it was concluded that 4- to 5-foot (1.2- to 1.5-m) 
shoulders were adequate on roads of good alignment, 
but shoulders over 8 feet (2.4 m) wide were preferred 
on roads with poor geometries (13). 
A number of studies on shoulder widths indicate 
a lack of correlation with accidents on two-lane roads 
where AADT's are below 2,000. Wide shoulders appear 
to be most beneficial where AADT's are between 3,000 
and 5,000. Shoulders 4 to 7 feet (1.2 to 2.1 m) wide 
were preferred to wider ones. Others suggested that 
shoulders as wide as 10 to 12 feet (3.1 to 3.7 m) were 
the safest. However, the economic justification for 
widening shol)lders on different types of road and 
traffic volumes has not been determined. Several 
geometric variables were found to be significant in 
accident occurrences in some of the studies. Lane 
width, access control, conflict points per mile, cross 
slope of shoulder, traffic volumes, and sight dis­
tance were all mentioned as variables. 
Shoulder Stability 
To derive full beneflts, it is very important for 
the shoulders to be stable. Shoulders should support 
4 
vehicle loads in all kinds of weather. The possibility 
of a vehicle skidding out of control or turning over is 
increased when the shoulder is covered with loose 
gravel, sand, or mud or is soft. One of the greatest 
problems with unstabilized shoulders is that they are 
sometimes one-half to several inches lower than the 
pavement. Th� driver, therefore, may be faced with a 
hazard when his outer wheels drop onto the shoulder 
and he tries to quickly steer back onto the road (2). 
A stable shoulder should have a compacted sub­
grade, preferably of a granular material. Base courses 
can be topped by a more stable surface course. Un­
treated gravel or crushed stone shoulders may be 
adequate on low volume roads but may become dusty 
and erode. Bituminous shoulders offer several 
advantages, including protection of the pavement from 
structural deterioration. Ride quality of paved 
shoulders is also better than unpaved shoulders, and 
they allow easy reentry of a vehicle onto the pavement 
(2). 
In a study of cost effectiveness of paved 
shoulders in North Carolina, it was found that a signifi­
cantly lower accident experience and severity index 
were associated with paved shoulders on two-lane 
roads when compared with unpaved shoulders on simi­
lar highway sections. Shoulders 3 to 4 feet (0.9 to 1.2 
rn) wide were predominant in that study. Paving of 
shoulders was cost effective within I 0 to 20 years and 
varied according to traffic volume. The oniy benefits 
used in the analysis were the expected reductions in 
accidents. However, a similar analysis of paved 
shoulders on four-lane roads did not pay off after 20 
years. A sample of 3,045 miles (4,915 km) of rural, 
primary roads was used in that analysis; the interest 
rates were 6 and 12 percent; and traffic growth rates 
were 5 and 8 percent (14). 
Ohio concluded that shoulder stabilization on 
two-lane roads resulted in a reduction of 38 percent of 
all accidents and 46 percent of injury and fatality acci­
dents. The shoulders were stabilized because of the 
abnormally high percentages of run-off-road and head­
on accidents. The criteria used in Ohio for stabilizing 
shoulders was a minimum of 45 percent of the acci­
dents being run-off-the-road and head-on collisions 
(15). 
Capacity Considerations 
Figure I (from the Highway Capacity Manual) 
relates lane width, lateral clearance, and capacity. A 
twolane road with 9·foot (2.7-m) lanes and no 
shoulders has a capacity of under 1,100 vehicles per 
hour compared with a capacity of 2,000 with 12-foot 
(3.7-m) lanes and 6-foot (1.8-m) shoulders (on level 
roads with no trucks and under ideal conditons). A 
capacity of about 1,350 is found for 10-foot (3.1-m) 
lanes with 2-foot (0.6-m) shoulders (16). The expected 
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(Figure 3) can be determined. Increasing lane width 
from 9 to 12 feet (2.7 to 3.7 m) will increase capacity 
by about 480 vehicles per hour (under ideal con­
ditions). Increasing lane width from 10 to 12 feet 
(3.1 to 3.7 m) should result in a capacity increase of 
about 380 vehicles. The result of shoulder widening 
from 0 (no lateral clearance) to 6 feet (0 to 1.8 m) is a 
capacity increase of over 550 vehicles per hour. Widen­
ing shoulders from 0 to 4 feet (0 to 1.2 m) will in­
crease capacity by 400 vehicles per hour ( 16 ). 
9L---� ____ L__L_L ____ A_ __ _LL_ __ ���----�--�--__J 1,000 1,100 1,200 1,300 1;100 1,500 1,600 1,700 1,800 1,900 2,000 
CAPACITY ( VPH) 
Figure I. Relationship between Lane Width, Lateral 
Clearance, and Capacity. 
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Figure 3. Expected Gain in Capacity due to Shoulder 
Widening. 
PROCEDURE 
To compare accident occurrences for various 
lane and shoulder widths, two different ;>rocedures 
may be followed. The first would involve conducting 
an analysis of before-and-after accidents for sections 
which were widened. The· second procedure compares 
accident experiences for existing highway sections with 
various lane and shoulder widths. Several problems 
were found with the before-and-after accident analysis. 
First, a very limited sample size would be available. 
Second, such improvements often include improved 
delineation, skid resistance, realignment and shoul:ier 
leveling. These improvements, of course, affect the 
accident experience. Third, additional traffie may 
be generated by such improvements and, therefore, 
affect accidents. The other procedure involves selecting 
a large sample of highway sections where geometric 
and accident data are known. Sections of similar 
geometries could then be grouped. Accidents (numbers 
and rates) and severities for highways of different lane 
and shoulder widths could then be compared. This 
procedure ·w-as selected. 
The accident records consisted of 1976 acci­
dents investigated by state, county, and city police 
agencies and stored on computer tape. Highway geo­
metries were obtained from the Division of Mainten­
ance and were also stored on computer tape. Data from 
both sources were coded by county number, route 
number, and milepost. Accident summaries were 
merged with geometric data on a third computer tape. 
The state-maintained highway system in 
Kentucky consists of approximately 25,000 miles 
(40,250 km) of urban and rural roads. Classifications 
of these roads include interstate, parkway, state 
primary, state secondary, rural secondary, special, 
and unclassified roads. Interstates and parkways are 
generally constructed to meet maximum standards 
and include 12-foot (3.7-m) lanes and 8- to 12-foot 
(2.4- to 3.7-m) shoulders. Special and unclassified 
roads include entrances to state or national parks and 
very low-volume facilities which do not warrant pave­
ment and shoulder widening. Only rural highways 
classified as state primary, state secondazy, or rural 
secoridary routes were selected. Also, only two-lane 
roads were considered, since most four-lane highways 
are adequately designed, and there are only about 400 
miles (644 km) of such roads in Kentucky: 
Geometric information was coded by mileposts. 
Wherever geometric changes occur along the system, a 
break was made at that point, and data were given 
separately for each fraction of a mile. Sometimes, 
geometric information was given separately for several 
highway sections within the same mile. Such breaks 
may be major junctions, urban limits, railroad cross­
ings, and changes in surface width, shoulder width, 
number of lanes, median width, access control, and 
surface types. Accident generators such as major 
junctions and abrupt changes in roadway width or 
access control were considered undesirable since they 
would bias the data. Therefore, all sections of road 
with such locations were omitted. Also, all sections in 
urban areas were omitted as were all highways in 
urbanized Jefferson and Fayette Counties. 
Using the above criteria for selection of a test 
sample, a total of 15,944 miles (25,670 km) of roads 
were included in the analysis. A total of eight classifi­
cations based on AADT (Table 4) was used. Rural 
secondary roads had the largest mileage in the test 
sample with 7,830 miles (12,505 km) followed by 
5,871 miles (9,462 km) on state secondary routes and 
2,243 miles (3,611 km) on state primary roads. Nearly 
half of the sections had an AADT less than 500; about 
40 percent of the data was between an AADT of 500 
and 2,500. There were about 1,9!0 miles (3,075 km) 
of roads with an AADT over I ,000, but only 465 miles 
(749 km) had an AADT over 5,000. 
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TABLE 4. DISTRIBUTION OF ROAD MILES (km) BY TRAFFIC VOLUME 
AND BY ROUTE TYPE 
STATE STATE RURAL 
AADT PRIMARY SECONDARY SECONDARY TOTAL 
MILES KM MILES 
0 to 500 38 61 1,462 
501 to 1,000 175 282 1,730 
1,001 to 2,500 969 1,560 1,884 
2,501 to 5,000 794 1,278 604 
5,001 to 7,500 180 290 124 
7,501 to 10,000 66 106 47 
10,001 to 15,000 18 29 13 
15' 001 to 20,000 3 5 7 
Totals 2,242 3,611 5,871 
Information input included the location (county, 
route, and milepost), lane width, shoulder width, 
AADT, road classification, pavement type (bituminous 
or concrete), shoulder type (bituminous, dense-graded 
aggregate, or other), number of lanes, access control 
(full, partial, or permit), and number of public 
approaches (access points), A computer program was 
then written which matched accident records with each 
!-mile (1.6-km) section. The accident information for 
each section was summarized and included the follow­
ing: 
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I. total number of accidents, 
2. number of run-off-road accidents, 
3. number of fatal accidents, 
4. number of injury accidents, 


















number of accidents on level roads, 
number of accidents on grade, 
number of accidents on hill crest, 
number of accidents on straight roads, 
number of accidents on curve, 
number of dry-pavement accidents, 
number of wet-pavement accidents, 
number of ice-snow accidents, 
number of daylight accidents, 
number of nighttime accidents, 
number of defective-shoulder accidents, 
number of fatalities, 
number of A-injuries, 
number of B-injuries, 
number of C-injuries, 
number of accidents -- going opposite 
direction, both moving, 
KM MILES KM MILES KM 
2,354 6,283 10' 116 7,783 12,531 
2,785 1,124 1,810 3,029 4,877 
3,033 369 594 3,222 5,187 
972 47 76 1,445 2,326 
200 6 10 310 499 
76 1 2 114 184 
21 0 0 31 50 
11 0 0 10 16 
9,452 7,830 12,606 15,944 25,670 
22. number of accidents -- left roadway at 
intersection, 
23. number of accidents -- left roadway not at 
intersection, 
24. number of accidents -- left roadway on 
straight road, not at intersection, 
25. number of rear�end accidents, 
26. number of overtaking accidents, 
27. number of left-turn accidents, 
28. number of intersection accidents, 
29. number of right-turn accidents -- away 
from approaching vehicle, 
30. number of right-turn accidents -- into 
approaching vehicle, 
31. number of head-on accidents, 
32. number of sideswipe accidents, and 
33. number of other accidents. 
Certain information which would have been use­
ful was not available. These included skid number, 
location of drainage ditches, shoulder slope, speed 
limit, and number and degree of vertical and horizontal 
curves. Because of the large data sample (about 16,000 
miles (26,000 krn)), much of their influence in caus­
ing accidents was expected to be minimized. Also, the 
classifications of accidents by type (rear-end, run-off. 
road, opposite-direction, driveway-related, etc.) 
allowed for the exclusion of accidents which were 
unrelated to lane and shoulder widths. 
After accident data were summarized, the 
relationships between accident and various geometric 
characteristics were determined. Several hundred 
summary tables were generated which gave cumula� 
tive accident numbers for each lane width, shoulder 
width, and AADT. 
LANE WIDTH AND ACCIDENTS 
For this analysis, lane widths were rounded to 
the nearest foot (0.3 m). Accident and traffic volume 
statistics for lane widths of 7 to 13 feet (2.1 to 4.0 m) 
are cited in Table 5. There were 16,760 accidents on 
15,426 miles (24,680 krn) of road. Traffic volumes 
were higher for roads with wider lanes and increased 
from 205 on 7-foot (2.1-m) lanes to 4,483 on 13-foot 
(4.0-m) lanes. Accidents per mile (1.6 krn) increased 
from 0.31 to 3.55 because of tbe higher volumes. 
Accident rate decreased from 4.16 to 2.06 accidents 
per million vehicle-miles (1.6 million vehicle-kilo­
meters) as lane width increased to 11 feet (3.4 m), as 
shown in Figure 4. The rate then leveled off at around 
2.0 beyond 11-fwJt (3.4-m) lanes. 
Accidents considered were run-off-road, oppo­
site-direction (head-.on or sideswipe collision between 
opposing vehicles), rear-ends, passing situations, drive­
way and intersection, and collisions with pedestrians, 
bicycles, animals, and trains. The summary of those 
accidents is given in Table 6. The most common acci­
dents for all lane widtbs were run-off-road (7 ,532), 
TABLE 5. LANE WIDTH AND ACCIDENTS 
SAMPLE NUMBER ACCIDEN'l'S 
LANE WIDTH SIZE OF PER 
FEET METERS MILES KM ACCIDENTS MILE (1.6 
7 2.1 396 6.37 123 0.31 
B 2.4 2808 4,51.8 1143 0.41 
9 2.7 8249 13,273 6652 0. 81 
10 3.0 2537 4,082 4947 1. 95 
11 3.4 788 1,268 2017 2.56 
12 3. 7 610 981 1743 2.86 
13 4.0 38 61 135 3.55 
TOTALS 15,426 24,820 16,760 1.09 
----
opposite-direction (2,694), and rear-end (I ,934). 
Corresponding accident rates were computed for each 
type of accident as presented in Table 7. Rates were 
the highest for run-off-road and opposite-direction 
accidents for narrow lanes and decreased steadily as 
lane width increased. Accident rates for other acci­
dents generally increased as lane widtbs increased. This 
is shown more clearly in Figure 5, and it indicates that 
tbe only accidents which would be expected to 
decrease with lane widening were tbe run-off-road and. 
opposite-direction accidents. A plot of percentage of 
accidents for each lane width are shown in Figure 6. 
Injury and fatality rates for each lane widtb are 
given in Table 8. Rates of property damage and injury 
accidents decreased as lane width increased. This rew 
lationship merely corresponds to the overall accident 
rate for various lane widths. No signfiicant changes in 
fatality rate occurred as lane widtb changed. Also, tbe 
percentage of injury and fatal accidents increased 
slightly and tben decreased as lane widtb increased. 
Based on this infomration, no definite relationship was 
found between lane width and accident severity. 
ACCIDENT RATE 
TOTII.L VEHICLE- ACCIDENTS PER 
�1ILBS (1.6 HILLION VEHILES-MILES 
KM) MDT VEHICLE-KM) (1.6 MILLION KM)) 
205 81,090 4.16 
304 854,615 3.66 
729 6,017,026 3.03 
1862 4,723,336 2.87 
3410 2,686,994 2.06 
3970 2,421,396 1. 97 
4483 170,346 2.17 
1099 16,959,803 2. 71 
9 
Figure 4. Relationship between Lane Width and 
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TABLE 6. NUMBER OF ACCIDENTS FOR VARIOUS LANE WIDTHS BY ACCIDENT TYPE 
PEDESTRIAN, OTHER 
RUN DRIVEWAY BICYCLE, OR 
LANE WIDTH OFF OPPOSITE REAR VEHICLE AND ANIMAL, OR NOT 
FEET M ROAD DIRECTION END PASSING INTERSECTION TRAIN STATED TOTALS 
7 2.1 58 54 6 1 2 2 0 (0) * 123 
8 2.4 576 368 56 15 36 54 38 (3) 1143 
9 2.7 3399 1160 459 244 344 427 619(9) 6652 
10 3.0 2189 720 591 220 310 256 666 (13) 4947 
11 3.4 728 190 417 133 205 94 250 (12) 2017 
12 3. 7 555 192 373 97 195 95 236(14) 1743 
13 4.0 32 10 32 11 26 7 17(13) 135 
Totals 7,532 2,694 1,934 721 1,118 935 1,826(11) 16,760 
* Number in parenthesis indicates percentage of Other or Not Stated 
lO 
TABLE 7. ACCIDENT RATES OF VARIOUS LANE WIDTHS BY ACCIDENT TYPE* 
PEDESTRIAN� OTHER 
LANE WIDTH RUN DRIVEWAY BICYCLE, OR 
OFF OPPOSITE REAR VEHICLE AND ANIMAL1 NOT 
FEET M ROAD DIRECTION END PASSING I:;iTERSECTION TRAIN STATED T OTALS 
7 2.1 1. 96** 1.82 0. 20 0.03 0.07 0.07 0.00 4.16 
8 2.4 1.85 1.18 0.18 0.05 0.12 0.17 0.12 3.66 
9 2.7 1.55 0.53 0. 21 0.11 0.16 0.19 0.28 3.03 
10 3.0 1.?7 0.42 0.34 0.13 0.18 0.15 0. 39 2.87 
11 3.4 0. 74 0.19 0. 43 0.14 0. 21 0.10 0.25 2.06 
12 3.7 0.63 0.22 0.42 0.11 0. 22 0.11 0.27 1.97 
13 4.0 0.51 0.16 0.51 0.18 0.42 0.11 0.27 2.17 
* Based on 16,760 accidents on 15,426 sections of 1 mile (1. 6 km) each 
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Figure 5. Accident Rate versus Lane Width for 




Figure 6. Percentage of Various Accident Types for 


































2.5 3.0 METERS 
LANE WIDTH 
0= RAN-OFF-ROAD ACCIDENTS 
6= OPPOSITE DIRECTION ACCIDENTS 
El =ALL OTHER ACCIDENTS 
3.5 4.0 
INJURY AND FATALITY RATES AND PERCENT FOR VARIOUS LANE WIDTHS 
NUMBER OF ACCIDENTS ACCIDENT RATE* 
NUMBER OF PERCENT 
1-MILE (1.6-km) PROPERTY PROPERTY INJURY AND 
SECTIONS DAMAGE INJURY FATAL DAMAGE INJURY FATAL FATAL 
396 86 36 1 2.91 1.22 0.03 30.1 
2808 728 396 19 2.33 1.27 0.06 36.3 
8249 4068 2449 135 1.85 1.12 0.06 38.8 
2537 3180 1685 82 1.84 0.98 0.05 35.7 
788 1348 644 25 1.37 0.66 0.03 33.2 
610 1154 553 36 1.31 0.63 0.04 33.8 
38 107 28 0 1.72 0.45 0.00 20.7 
15,426 10,671 5,791 298 1.72 0.94 0.05 36.3 
* Accidents per million vehicle-miles {1.6 million vehicle�kilometers) 
SHOULDER WIDTH AND ACCIDENTS 
The number of miles (Juri), number of accidents, 
accidents per mile (1.6 km), traffic volumes, vehicle­
miles (vehicle-kilometers), and accident rates were 
found for each shoulder width form 0 to 12 feet (0 to 
3.7 m). Of the 15,788 miles (25,419 km) of roads, 
11,117 miles (17,898 km) had no shoulders (most of 
the rural, two-lane roads have grass or soil adjacent 
to the pavement). Only paved or DGA (dense-graded 
aggregate) shoulders are counted as shoulders since 
grass and soil are not suitable driving surfaces; and, 
therefore, these surfaces do not function as shoulders. 
width and all accidents was expected since other 
factors such as lane width and volume were thought to 
have a greater influence on accidents. The small sample 
of locations for shoulder widths greater than 3 feet 
(0.9 m) may also be a factor. 
A summary of accidents for various shoulder 
widths is given in Table 10 and by accident rates in 
Table 11. Aa with lane width, the run-off-road and 
opposite-direction rates decreased as shoulder width 
increased to 9 feet (2.7 m). There was a slight increase 
in rate for 10- to 12-foot (3.0- to 3.7-m) shoulders. 
Accident rates for categories other than run-off-road 
TABLE 9. EFFECT OF SHOULDER WIDTH ON ACCIDENT RATE 
SHOULDER WIDTH SAMPLE SIZE NUMBER ACCIDENTS ACCIDENT RATE 
OF PER MILE TOTAL VEHICLE- (ACCIDENTS PER 
FEET M MILES KM ACCIDENTS (1. 6 km) AADT MILES (1.6 km) MVM) (1.6 MVkm) 
�one 
1 to 3 
4 to 6 
7 to 9 









3 to 3.7 
11,117 17,887 8, 790 
4,140 6,661 6,610 
101 163 370 
86 138 188 
344 553 964 
15,788 25,402 16,922 
Because of the small sample sizes for some 
shoulder widths, considerable differences were found 
in the accident rates. Shoulder widths were then cate­
gorized, as no shoulder, 1 to 3 feet (0.3 to 0.9 m), 4 to 
6 feet (1.2 to 1.8 m), 7 to 9 feet (2.1 to 2.7 m), and 
10 to 12 feet (3.0 to 3.7 m) -- as shown in Table 9. 
Accident rates remained nearly the same for shoulders 
up to 6 feet (1.8 m); but beyond that width, the rates 
decreased. The poor relationship between shoulder 
0. 79 751 8,344,421 2.89 
1.60 1,578 6,531,301 2.77 
3.66 3,566 360,182 2.81 
2.19 3,693 317,591 1.62 
2.80 4,088 1,406,436 1. 88 
1.07 1,074 16,959,931 2.73 
and opposite�direction tended to remain fairly constant 
or increased slightly. 
Rates for property-damage, injury, and fatal acci­
dents were calculated as shown in Table 12. Aa before, 
rates for each type generally decreased as shoulders 
widened, but the percentage of injury and fatal acci­
dents did not show any trends. No reduction in acci­
dent severity, therefore, may be expected from shoul· 
der widening. 
TABLE 10. NUMBERS OF ACCIDENTS FOR VARIOUS SHOULDER WIDTHS BY ACCIDENT TYPE 
PEDESTRIAN, 
SHOULDER WIDTH RUN DRIVEWAY BICYCLE, 
OFF OPPOSITE REAR VEHICLE AND ANIMAL, NOT 
FEET M ROAD DIRECTION END PASSING INTERSECTION TRAIN STATED TOTALS 
None None 4,032 1,666 870 341 503 490 888(10)* 8790 
1 to 3 0.3 to 0.9 3,024 884 785 281 444 362 830 (13) 6610 
4 to 6 1.2 to 1.8 77 38 66 21 59 17 92 (25) 370 
7 to 9 2.1 to 2.7 50 15 44 8 35 11 25 (13) 188 
10 to 12 3.0 to 3.7 317 106 215 62 105 59 100 (10) 964 
TOTALS 7,500 2,709 1,980 713 1,146 939 1, 935 (11) 16,922 
* Number in p8renthesis indicates the percentage of Other or Not Stated 
13 
TABLE 11. ACCIDENT RATES OF VARIOUS SHOULDER WIDTHS BY ACCIDENT TYPE 
PEDESTRIAN, OTHER 
SHOUWER WIDTH RUN DRIVEWAY BICYCL&, OR 
OFF OPPOSITE REAR VEHICLE AND ANIMAL, NOT 
FEET M ROAD DIRECTION END PASSING INTERSECTION TRAIN STATED TOTALS 
None None 1. 32 0.55 0.29 0.11 0.17 0.16 0.29 2.89 
1 to 3 0.3 to 0.9 1. 27 0.37 0.33 0.12 0.19 0.15 0.35 2.77 
4 to 6 1.2 to 1.8 0.59 0.29 0.50 0.16 0.45 0.13 0.70 2.81 
7 to 9 2.1 to 2.7 0.43 0.13 0.38 0.07 0.30 0.09 0.22 1. 62 
10 to 12 3.0 to 3.7 0.62 0. 21 0.42 0.12 0.20 0.11 0.19 1. 88 
TABLE 1 2 .  INJURY AND FATALITY RATES AND PERCENT FOR VARIOUS SHOULDER WIDTHS 
SHOULDER WIDTH NUMBER OF NUMBER OF ACCIDENTS ACCIDENT RATE* PERCENT 
1-MILE (1. 6-kml PROPERTY PROPERTY INJURY AND 
FEET M SECTIONS DAMAGE INJURY FATAL DAMAGE INJURY FATAL FATAL 
'None None 11,117 5,546 3,087 157 1. 82 1.01 0.05 36.9 
1 to 3 0.3 to 0.9 4,140 4,235 2,254 111 1. 78 0.95 0.05 39.4 
4 to 6 1.2 to 1.8 101 248 117 5 0. 77 0.89 0.04 33.0 
7 to 9 2.1 to 2.7 86 142 44 2 0.74 0.38 0.02 24.5 
10 to I2 3.0 to 3.7 344 626 320 18 0.67 0.62 0.04 35.1 
TOTAL 15,788 10,797 5,822 293 
* Accidents per million vehicle�iles (1.6 million vehicle-kilometers) 
LANE AND SHOULDER WIDTH COMBINATIONS 
An analysis was made of accident rates for 
various combinations of lane and shoulder widths. The 
first analysis included rates for all accident types, as 
is shown in Table 13. For roads with no shoulders. 
accident rates decreased from 5.1 to about 1.9 as lane 
widths increased form 7 to I I  feet (2.1 to 3.4 m). 
No improvement in accident rate was found between 
11 and 12 feet (3.4 to 3.7 m). For other shoulder 
widths, accident rates generally decreased with increas­
ing lane width, although the relationships were not as 
pronounced. 
For the same lane widths, accident rates also 
tended to decrease as shoulder width increased. The 
decrease in accident rates for 9·foot (2.7·m) lanes 
went from 3.2. to 1.8 as shoulders increased to 9 feet 
(2.7 m). However, for 8·foot (2.4·m) lanes, the rate 
increased slightly (from 3.6 to 4.1) as shoulder width 
14 
increased to 3 feet (0.9 m). Overall, the decrease in 
accident rate was greater for increases in lane widths 
than for equivalent increases in shoulder widths. 
Another analysis was made of accident rates for 
various lane and shoulder widths using only run•off. 
road and opposite·direction accidents (Table 14). In 
most cases, more uniform decreases in accident rates 
were found than when all accidents were included. 
Again, increases in lane widths resulted in a greater 
reduction in accident rates than for the same widen­
ing of shoulder. 
The previous analysis (Tables 13 and 14) 
indicated that a greater accident savings can be realized 
by Jane widening than by shoulder widening. While 
little reduction in accidents may be gained by increas­
ing a 22·foot (6.8·m) road to a 24·foot (7.4·m) 
pavement, the added width would provide slightly 
' 
better service to the motorist in terms of capacity and 
safe dliving speed. 
TABLE 13. ACCIDENT RATES FOR VARIOUS COMBINATIONS OF LANE AND 
SHOULDER WIDTHS ON TWO-LANE RURAL ROADS (ALL ACCIDENTS) 










4. 70 (286) 
2. 96 {2460) 
2.22(6032) 
1. 83 {1384) 
1.03(382) 
D. 77 (168) 
SHOULDER WIDTH 
1 to 3 FEET 
(0.3 to 0.9 m) 
1.71{110) 
3.42 (344) 
1. 92 (2185) 
1. 62 (lOBO) 
1.02{275) 
1.08 (87) 
SHOULDER WIDTH SHOULDER WIDTH SHOULDER WIDTH 
4 to 6 FEET 7 to 9 FEET 10 to 12 FEET 
(1.2 to 1.8 rn) (2.1 to 2. 7 rn) (3.0 to 3. 7 rn) 
---(0) ---(0) ---(0) 
---(1) ---(1) ---(0) 
1.34(9) 1.22(6) ---(4) 
1.19(23) 1.03(8) 1.03(12) 
0.81(31) 0.51(21) 0.84(38) 
0.98 {27) 0.70(34) 0.90(261) 
TABLE 14. ACCIDENT RATES FOR RUN-OFF-ROAD AND OPPOSITE-DIRECTION 
ACCIDENTS FOR VARIOUS LANE AND SHOULDER WIDTHS 
ACCIDENT RATES AND NUMBER OF 1-MILE (1. 6-krn) SECTIONS INCLUDED 
LANE WIDTH NO SHOULDER SHOULDER WIDTH SHOULDER WIDTH SHOULDER WIDTH SHOULDER WIDTH 
1 to 3 FEET 4 to 6 FEET 7 to 9 FEET 10 to 12 FEET 
FEET M (0.3 to 0.9 m) (1.2 to 1.8 rn) {2.1 to 2.7 m) (3.0 to 3. 7 m) 
7 2.1 5.09(286) * J.. 94 (110) ----** 
8 2.4 3.60(2460) 4. 06 (344) 
9 2.7 3.17{6032) 2.86(2185) 2. 92 (9) 1.83(6) 
10 3.0 3. 01 (1384) 2.73(1080) 3.11(23) 2. 96 (8) 2.54(12) 
11 3.4 1. 86 (382) 2.21(275) 2. 21 (31) 0.85(21) 2.21(38) 
12 3.7 1.91(168) 2.43(87) 2.26(27) 1.82(34) 1.86(26) 
* Number of 1-mile (1.6-km) sections used to calculate the accident rate 
** A blank was used when less than five sections were available in test sample 
OTHER HIGHWAY FEATURES 
The previous summaries of accidents by lane and 
shoulder widths were influenced by other geometric 
characteristics. Their effect on the accident data 
needed to be determined and adjustments made in the 
accident summaries by lane and shoulder widths. The 
effect of traffic volume, highway type, and access 
control on accidents was examined and summarized. 
Traffic Volume 
The number of accidents per mile (1.6 km) in· 
creased considerably with AADT as shown in Figure 7. 
Each data point represents a volume group as discussed 
previously. For example, there was an average of 0.3 
accidents per mile on roads with AADT's from 0 to 
500. The number of accidents per mile increases to 
about 5 for AADT's of around 6,000. TI1ese numbers 
would be higher if intersection data were included in 
the sample of highway sections. 
The relationship between traffic volume and 
ac�ident rate is shown in Figure 8 for all sections (over 
15,000 miles (24,000 km)) of rural, two-lane roads. 
The accident rate remained at 3.3 as AADT increased 
from 200 to I ,000. The rate then decreased to 2.3 at 
an AADT of 5,000 and was below 0.7 for AADT's 
above 20,000. 
15 
Figure 7. Relationship between Accidents and 























<n w ...J 
:E 









"' w a. 

















Figure 8. Relationship between Accident Rate and 
Traffic Volume, All Accidents. 
It appears (Figure 8) that lower accident .. rates 
are assoicated with higher volumes. However, the re­
lationship is not that simple. Higher volumes were also 
associated with higher class of roads which normally 
have wider lanes and shoulders and less and more 
gradual curvature than lower-volume facilities. To 
determine how accident rates were affected by volume 
alone, summaries were made of rates versus, volumes 
for specific highway types and lane widths (Table 15). 
Accident rates were calculated for each AADT group 
and lane width for rural secondary, state secondary, 
and state primary routes. To exclude other geometric 
variables, only routes with no shoulder and with less 
than four public approaches (access points) per mile 
(1.6 km) were included. By comparing rates in each 
vertical column for rural secondary, state secondary,and 
state primary routes, no clear relationship was found. 
Rates for each classification and lane width remained 
roughly the same or fluctuated slightly as AADT 
increased. This may be expected since all accident 
types were included in the calculation of accident rate. 
Previous research has shown that single-vehicle 
accidents were affected differently than multi"vehicle 
accidents as AADT increas<ed. This was verified in 
Figure 9. The accident rate of single-vehicle (run-off­
road) accidents was over 1.8 for low AADT's (0 to 
500). As AADT increases, the rate drops sharply to 
about 0.65 for a 6,000 AADT. Rates of multi-vehlcle 
accidents remained virll!allv c.onstant. If the test 
sections had included all intersections, the rate for 
multi·vehicle accidents (particularly rear-end accidents) 
would have increased as AADT increased. The probable 
reason that the rate of run-off-road accidents decreases 
as AADT increases is that vehicles tend to be driven 
slower since passing may, not be possible. On low­
volume roads, vehicles are not able to caravan (follow 
each other in groups), and unfamiliar motorists may 
take curves at excessive speeds, particularly at night or 
in the rain. At night, motorists sometimes follow tail 
lights ahead of them which help warn of sharp curves. 
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SINGLE-VEHICLE A C CIDENTS 
MULTI-VEHICLE A C CIDENTS 
o.sL-------�--�---L--L-L-�-L�-------L----L-�--L-���� 
100 200 500 1,000 2,000 5,000 10,000 
Figure 9. Effect of Traffic Volume on Single· Vehicle 
and Multi-Vehicle Accident Rates. 
Since the rate of run-off-road accidents decreases 
as lane width and AADT increase, it was unclear 
what the effe.ct of lane width was on the rate of run-off 
road accidents. To determine the individual effect of 
AADT and lane width, the rate of run-off-road acci· 
dents was plotted versus AADT for different lane 
widths (Figure 1 0). The slope of the lines indicate the 
effect of AADT on rates, and the vertical distance be· 
tween lines indicate the effect of lane width on rates. 
For 22· to 24-foot (6.7- to 7.3-m) pavements, the rate 
decreased from about 1.0 to 0.4 as AADT increased 
from 1 ,700 to 8,500. The rate for 18· to 20-foot (5.5-
to 6.1-m) pavements dropped from about 1.9 to 0.9 as 
the AADT increased from 250 to 6,000. No relation· 
18 
A ADT 
ship was found for pavements below 20 feet (6.1 m) 
due to the limited range of traffic volumes for those 
sections. These data are in Table 16. 
The difference in rates between the two curves 
in Figure 1 0  is about 0.40, which is a decrease of 0.1 0  
accidents per million vehicle-miles (1 .6 million vehicle· 
kilometers) per foot (0.3 m) of total widening or a 
0.20 decrease for each foot (0.3 m) of lane widening. 
The total decrease in run-off-road rates was from 1.96 
to 0.5 1 for various lane widths (Table 7). This is a 
decrease in rate of 1.45, of which only 28 percent 
(0.40/1.45) was due to wider lanes. Most of the de· 
Grease (71 percent) was due to volume increases. 
TABLE 1 6 .  ACCIDENT RATES OF RUN-OFF-ROAD ACCIDENTS 
FOR VARIOUS LANE WIDTHS 
AADT 7 to 8 FEET 
( 2 . 1  to 2 . 4  
0 to· 500 1 .  75 
501 to 1 , 000 2 . 31 
1 , 001 to 2 , 500 1. 68 
2 , 50 1  to 5 , 000 
5 , 00 1  to 7 , 500 
7 , 50 1  to 1 0 , 000 
9 to 
m}  (2.  7 
10 FEET 
to 3 .  0 m} 
1.  89 
1. 63 
1.  50 
1. 1 4  
0 . 93 
1 1  to l Z  FEET 
( 3 .  4 to 3 .  7 m} 
0 . 88 
0 . 81 
0 . 5 5 
0 . 46 
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1 8  T0 2 0  FT ( 55 TO 6 . 1  m )  PAVEMENTS 
2 2  to 24 F T (6.7 to7.3M) 
PAVEMENTS 
Q4L---------L---�--�---L-L�----�--------L-----'----L--L���-L...J
1 0 0  200 400 600 1,000 3,000' 4,000 6,000 10,000 
A A DT 
Figure I 0. Rates of Run-off. Road Accidents by Lane 
Width, Various Traffic Volumes. 
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The effect of traffic volume on opposite-direc­
tion accidents was also determined with respect to 
various pavement widths as shown in Figure I I .  The 
rate for 14- to 16-foot (4.3- to 4.9-m) pavements 
decreased slightly from about 1.3 to 1.2 for AADT's 
of 200 to 1 ,500. The rate for 1 8- to 20-foot (5.5-
to 6.1-m) pavements decreased slightly from 0.6 to 0.4 
for AADT's of 300 to 5 ,000. Rates for 22- to 24-foot 
(6.7- to 7 .3-m) pavements decreased slightly from 0.25 
to 0.1 9  for AADT's of 1,700 to 9,000. The total 
decrease in rate of opposite-direction accidents was 
1 .6, as shown in Table 7. The increase in volume was 
responsible for only about 24 percent of this decrease 
as determined from data in Figure 1 1  and Table 17. 
Therefore, about 76 percent of the reduction in 
opposite-direction accidents was due to wider lanes. 
As can be seen in Figure I I ,  the greatest reduction in 
accident rate per foot of widening can be achieved by 
widening the narrow-width pavements (14- to 16-foot) 
(4.3- to 4.9-m) to medium-width ( 1 8- to 20-foot) 
(5.5- to 6.1-m) pavements. 
Because of the limited sample of highway sec­
tions with shoulder widths above 3 feet (0.9 m), an 
analysis of rate versus traffic volume was not possible 
for various shoulder widths. The effect of volume on 
rates of run-off-road and opposite-direction accidents 
was found using the lane-width analysis. The effect of 
volume on rates can be accounted for in a similar 
manner in a shoulder-width analysis. 
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1 4  TO 1 6 FT ( 4.3 TO 4.9rn) PAVEMENTS 
-
0 
o---__a_______� TO 20 FT (5.5T0 6 . 1 m ) PAVEMENTS 
0 
., ____ ., ---
"' --x  
2 2  T O  2 4  FT(6. 7  T O  7. 3 m ) PAV EMENTS 
o L--------L--�L-�--L-���-L�----���--'---������ 100 20 0 400 1,000 2,000 4,000 10,000 
A A D T  
Figure I I .  Rates of Opposite-Direction Accidents by 
Lane Width, Various Traffic Volumes. 
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TABLE 1 7 .  ACCIDENT RATES O F  OPPOSITE-DIRECTION ACCIDENTS 
FOR VARIOUS LANE W IDTHS 
AADT 7 to 8 FEET 9 to 10 FEET 11 to 1 2  FEET 
( 2  . 1  to 2 . 4  m) ( 2 .  7 to 3 . 0  m )  ( 3 . 4  to 3 .  7 m )  
0 to 500 1 .  26 0 . 58 
501 to 1 , 000 1. 25 0 . 5 5  
1 , 001 to 2 , 500 1 . 1 2 0 . 49 0 . 2 5 
2 , 501 to 5 , 000 0 . 41 0 . 22 
5 , 001 to 7 , 500 0 . 3 8 0 . 20 
7 , 501 to 1 0 , 000 0 . 16 
Access Points 
Another geometric feature thought to  have some 
influence on accident rates was the effect of access 
points per mile (1.6 km). This is the number of public 
approaches or minor entrances onto the highway which 
could adversely affect accident rates. An analysis was 
made of accident rates versus lane widths for zero to  
four and five or  more access points per mile (1.6 km) 
(Table 18). For every lane-width category, the accident 
rate was higher for the five Or more access group than 
for sections with zero to four access points per mile 
(1.6 km). Differences in accident rates ranged from 
abont 0 (for 10-foot (3.0-m) lanes) t o  0.75 accidents 
per miilion vehiclemiles (1.6 million vehicle-kilometers) 
for 9-foot (2.7-m) lanes. A plot of these data is in 
Figure 12. 
While more access points per mile (1.6 km) 
did increase accident rate, only about six percent 
(1,000 miles (1,600 km)) of the sample had five 
or more access points per mile (1.6 km). Also, those 
sections were distributed evenly throughout the test 
sections. Therefore, the effect of this geometric feature 
did not significantly influence the accident rates for 
various lane and shoulder widths. 
TABLE 1 8 .  EFFECT OF ACCESS POINTS ON ACCIDENT 
RATE FOR VARIOUS LANE WIDTHS 
LANE ACCESS POINTS/MILE ( 1 . 6  km) 
WIDTH 
FT M 0 to 4 5 OR MORE 
7 2 . 1  3 . 86 ( 390) 
8 2 . 4  3 . 65 ( 27 5 1 )  4 . 01 ( 5 7 )  
9 2 . 7  2 . 97 ( 7 890) 3 . 72 ( 359)  
10 3 . 0  2 . 8 7 ( 2 284)  2 . 86 ( 2 5 3 )  
1 1  3 . 4  2 . 0 2 ( 66 3 )  2 . 1 7 ( 1 2 5 )  
1 2  3 . 7 1 .  85 ( 489) 2 . 36 ( 1 2 1 )  
1 3  4 . 0  1 . 90 ( 2 4 )  2 . 5 2 ( 1 4 )  
Note : Only data with 8 or more 1-mile ( 1 .  6 - km) 
sections were used 
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Figure 12. Effect of Access Points per Mile (kilo­
meter) on Accident Rates, Various Lane 
Widths. 
Highway Classification 
Another variable which was studied included 
the effect of highway classification on accident rate; 
these results are given in Table 15. To limit the effect 
of other variables, only sections with no shoulder and 
with less than five access points per mile (1.6 km) 
were used. Rates were compared for each lane width 
for rural secondary, state secondary, and state primary 
routes. Rates for 8-foot (2.4-m) lanes were slightly 
higher for state secondary than for rural secondary 
routes. 
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For 9-foot (2.7-m) lanes, rates were generally 
higher for rural secondary routes and lower for state 
primary routes. For 10-foot (3.0-m) groups with low 
AADT1s, a similar trend was found. However, as AADT 
increased, rates became highest for state primary 
routes. This could indicate that 10-foot (3.0-m) lanes 
are not acceptable for state primary roads with high 
volumes. For ! ! -foot {3.4-m) lanes, no obvious differ­
ences were found between state secondary and state 
primary routes. 
ACCIDENT SAVINGS 
Savings due to accident reductions were the only 
benefits included in the economic analysis. The expect· 
ed reductions in accident rates were computed as a 
function of lane and shoulder widths. The cost per 
accident was used along with expected traffic volume 
and accident reduction to compute accident savings. 
As discussed previously, lane and shoulder widths 
were shown to have an effect on only run-off-road and 
opposlte·direction accidents. Other accident types were 
not found to decrease as a function of wider lanes 
and shoulders. Thus, average accident costs were com� 
puled for these two categories of accidents based on 
information in Table 19. The number of accidents and 
injuries for various severities was found for th� followm 
ing accident types, in order of increasing severity: 
1 .  Property-Damage-Only Accident (PDQ) ·· 
no injuries were sustained; 
Using this information, the severity index of the 
accident types were computed. The severity index 
formula developed in a 1973 study ( 1 7) follows: 
SI 









[9.5(K + A) + 3.5(B + C) 
+ PDQ] /N 
severity index, 
number of fatal accidents, 
number of A·type injury acci· 
dents, 
number of B-type injury acci· 
dents, 
number of C-type injury acci· 
dents, 
number of property·damage· 
only accidents, and 
total number of accidents. 
TABLE 1 9 .  NUMBER O F  ACCIDENTS B Y  'rYPE AND SEVERITY 
ooa AND RORb ACCIDENTS OTHER ACCIDENTS ACCIDENT PERCENT 
ACCIDENT NUMBER OF NUMBER _OF NUMBER OF NUMBER OF ROR AND OTHER 
TYPE ACCIDENTS INJURIES ACCIDENTS INJURIES OD ACCIDENTS ACCIDENTS 
Property Damage 1 4 , 000 0 3 2 '  130 0 59. 7  80 . 4  
c - Injury 2 , 730 4 , 516 3 , 446 5 , 844 11 . 6  8 . 6  
B - Injury 3 , 876 6, 391 2, 720 4 , 509 16 . 5  6 . 8  
A - Inj ury 2 , 436 3 , 543 1 , 468 1 , 963 10 . 4  3 . 7  
F - Injury 422 494 202 225 1 . 8  0 . 5  
Total 2 3 , 464 1 4 , 944 3 9 , 966 12, 541 100 . 0  100 , 0  
a Opposite -direction accident 
b Ran-off-road accident 
2. C-type Injury Accident .. involving no 
visible injuries but complaints of pain; 
3 .  B·type Injury Accident · - bruises, abra­
sions, swelling, or limping; 
4. A-type Injury Accident ·- bleeding wound, 
distorted member, or person carried from 
scene; and 
5. Fatal Accident -- one or more deaths. 
Of all run-off-road and opposite-direcdon acci­
dents, 40.3 percent involved injuries or fatalities, com­
pared with only 19.6 percent for the other types of a 
accidents. The percentage of fatal and A-injury acci· 
dents was nearly three times as high for run·off-road 
and opposite-direction accidents than for all other 
types. The sample included about 40,000 accidents 
(Table 19). 
The maximum severity index computed by tills 
formula is 9.5 and would occur if all accidents were 
fatal and A-type injury accidents. The mmunum 
severity index is 1 .0 and applies when all accidents are 
property damage only. The combined severity index of 
the run-off-road and opposite-direction accidents was 
2.74, compared to 1.74 for the other accidents. 
T11e average cost per accident was then computed 
for use in the calculation of expected accident savings. 
The following accident costs as reported by the 
National Safety Council for 1976 (18) were used: 
Death ·· $125,000, 
Nonfatal, disabling injury ·· $4,700, and 
Property-damage accident .. $670. 
The average cost of a run-off-road or opposite-direction 
accident was $5,569, compared to $2,199 for other 
accident types, on rural, two-lane roads. 
23 
Lane Width 
The expected reduction in accident rate was 
computed and plotted for various degrees of lane 
widening as shown in Figure 13. The values represent 
reductions in the combined rate of run-off-road and 
opposite-direction accidents {Table 7), adjusted for 
traffic volume. For example, by widening a 7-foot 
{2.1-m) lane to I I  feet {3.4 m), an accident rate re­
duction of 1.58 (accidents per million vehicle-miles 
{1.6 million vehicle-kilometers)) may be realized. 
Widening a 9-foot {2.7-m) lane to 10 feet {3.0 m) will 
result in only a 0.16 reduction in accident rate. Very 
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little additional benefit will be realized by widening 
a road beyond I I  feet {3.4 m). 
Based on information in Table 11 ,  the relation­
ship for percentage reduction in run-off-road and 
opposite-direction accidents for ·various degrees of 
pavement widening was determined. The effect of 
traffic volume on accident rate was also taken into 
account. By widening lanes from 7 to 11 feet {2.1 to 
3.4 m), a 39percent reduction in run-off-road and 
opposite-direction accidents should result (Table 20). 
An 8-foot {2.4-m) lane widened to 10 feet {3.0 m) will 
produce a 23-percent reduction. 
£l .!!__ 
7 ( 2 .1 ) 
8 (2 . 4) 
9 ( 2.7) 
10 (3.0) 
10 
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Figure 13. Reduction in Accident Rate due to Lane 
Widening. 
TABLE 20 . PERCENT REDUCTION IN RAN-OFF-ROAD AND OPPOSITE-




FT M FT M 
7 2 . 1  8 2 . 4  
7 2 . 1  9 2 . 7  
7 2 . 1  10 3 . 0  
7 2 . 1  1 1  3 . 4  
8 2 . 4  9 .2 . 7  
8 2 . 4  10 3 . 0  
8 2 . 4  11 3 . 4  
9 2 . 7  10 3 . 0  
9 2 . 7  11 3 . 4  
10 3 . 0  1 1  3 . 4  
a Ran-off-road accident 
b Opposite-direction accident 
Shoulder Width 
Th e expected reduction in accidents due to 
shoulder widening is given in Table 21. The values are 
reductions in combined rates for run-off-road and 
opposite-direction accidents as given in Table 11. For 
example, by adding a 7- to 9-foot (2.1- to 2.7-m) 
shoulder to a road with no shoulder, the average 
decrease in accident rate is 0.58 accidents per million 
vehicle-miles (1.6 million vehicle-kilometers). Widen­
ing a 4- to 6-foot (1.2· to 1.8-m) shoulder to 7 to 9 
feet {2.1 to 2.7 m) will cause a 0.17 reduction in rate. 
No additional benefit will be obtained on rural, two· 
TOTAL 
WIDENING PERCENT REDUCTION 
IN RORa AND 
FT M ODb ACCIDENTS 
2 0 . 6  10 
4 1 . 2  2 3  
6 1 . 8  2 9  
8 2 . 4  39 
2 0 . 6  16 
4 1 . 2  23 
6 1 . 8  36 
2 0 . 6  10 
4 1 . 2  29 
2 0 . 6  23 
lane roads b y  widening shoulders t o  over 9 feet (2.7 
m). 
Based on information in Table 11, the relation­
ship was developed for percentage reduction in run-off­
road and opposite-direction accidents for various 
shoulder widening. The effect of AADT was again 
accounted for in computing percentage reductions. 
Adding 8-foot {2.4-m) shoulders to a road with no 
shoulder will result a 21-percent reduction (Table 22). 
Widening 2-foot (0.6-m) shoulders to 5 feet (1.5 m) 
will result in a 10-percent reduction in accidents. 
TABLE 2 1 .  REDUCTION IN ACCIDENT RATE DUE TO SHOULDER WIDENING 





to 3 0.3 to 
4 to 6 1 . 2  to 
7 to 9 2 . 1  to 
10 to 12 3 . 0  to 
0 FT 
(0 m) 
0 . 9  
1 . 8  
2.7 
3.7 
1 to 3 FT 4 to 6 PT 7 to 9 FT 
(0. 3 to 0. 9 m) ( 1 . 2  to 1 . 8  m) (2 . 1  to 2 . 7  
o.1sa o .  41 0 . 58 
0 . 26 0 . 43 
0 . 17 
m) 
a Accident rate - accidents/million vehicle-miles (1.6 million vehicle-kilometers) 
10 
(3 .o 
* No further reduction in accident rate was found due to widening shoulders more than 
9 feet (2.7 m) 
to 12 FT 






TABLE 2 2 .  PERCENT REDUCTION IN RAN-OFF-ROAD AND OPPOSITE-
DIRECTION ACCIDENTS DUE TO SHOULDER WIDENING 
SHOULDER WIDTH 
BEFORE WIDENING AFTER WIDENING TOTAL PERCENT REDUCTION 
FT M FT 
None None 1 to 3 0 . 3  
None None 4 to 6 1 . 2 
None None 7 to 9 2 . 1  
1 to 3 0 . 3  to 0 . 9  4 to 6 1 . 2  
1 to 3 0 . 3  to 0 . 9  7 to 9 2 . 1  
4 to 6 1 . 2  to 1 . 8  7 to 9 2 . 1  
IMPROVEMENT COSTS 
Costs for widening lanes and shoulders were 
computed based on information form the Division of 
Systems Planning (19). All costs were expressed in 
1976 dollars per mile (1.6 km) for rural highways 
(Tables 23 and 24). 
Costs (average for Kentucky) associated with 
pavement widening are presented in Table 23. Costs 
were the highest ($224,494 per mile (1.6 km)) for 
widening a 14-foot (4.3-m) pavement to 24 feet. (7.3 
m). Costs per mile (1.6 km) for l foot (0.3 m) of 
widening ranged from $22,449 to $55,577 and de· 
pended on the increase in pavement width. All pave­
ments were. assumed to require a full-width overlay. 
TABLE 2 3 . COSTS FOR PAVEMENT 
PAVENENT WIDTH GRADE AND SUBGRADE 








WIDENING IN ROR AND 
FT M OD ACCIDENTS 
0. 9 4 1 . 2  6 
1 . 8 10 3 . 0  1 5  
2 . 7 16 4 . 8  21 
1 . 8  6 1 . 8  1 0  
2 . 7 1 2  3 . 6  1 6  
2 . 7  6 1 . 8  8 
Costs for shoulder widening ranged from $25,234 per 
mile (1.6 km) for l foot (0.3) to $1 16,632 for 8 feet 
(2.4 m). Costs per foot (0.3 m) of widening decreased 
from $12,617 for l foot (0.3 m) to $7,290 for 8 feet 
(2.4 m). All shoulders were assumed to require stabili­
zation and surfacing. 
Road widening normally utilizes existing rights 
of way. Major reconstruction projects which involve 
right-of-way acquisition were not considered here. 
Because of the great variation in terrain and soils 
throughout Kentucky, the costs differed consider· 
ably. Adequate room may be available on some roads 
to widen the pavement for shoulders but would be 
insufficient on others. The costs given here are average 
values based on past contract prices and adjusted to 
1976 dollars. 
WIDENING ( PER MILE ) 
OVERLAY OTHER TOTAL COST PER FOOT 
COSTS COSTS COSTS ( 0 . 3  m) OF \.•liDENING 
� � ( DOLLARS )  (DOLLARS) (DOLLARS) (DOLLARS) (DOLLARS) (DOLLARS) 
1 4  4 . 3  1 8  5 . 5  9 3 , 9 4 3  1 4 , 90 0  1 9 '  7 6 4  5 , 2 0 0  1 3 3 , 8 0 7  3 3 ,  t, 5 z  
1 4  4 . 3  20 6 .  1 1 1 3 '  0 7 9  22 , 3 5 0  21 ' 960 6 , 6 4 7  1 6 4 , 0 3 6  27 , 3 3 9  
1 4  4 .  3 22 6. 7 1 3 2 , 21 6  2 9 , 8 0 0  2 4 , 1 5 6  8 , 0 9 3  1 9 4 , 2 65 2 4 , 2 8 3  
1 4  4 . 3  2 4  7 .  3 1 5 1 , 35 2  3 7 , 250 2 6 , 3 5 2  9 ' 5 4 0  2 24 , 4 9 4  2 2 '  4ll9 
1 6  4 .  9 20 6 .  1 9 3 , 9 4 3  1 4 , 90 0  2 1 , 9 60 5 , 5 2 9  1 3 6 , 3 3 2  3 4 , 0 8 3  
1 6  4 .  9 22 6 .  7 1 1 3 , 0 7 9  2 2 , 3 5 0  2 4 , 1 5 6  6 , 9 76 1 6 6 , 5 61 2 7 , 7 6 0  
1 6  4 .  9 24 7 . 3  1 3 2 , 2 1 6  2 9 , 8 0 0  2 6 , 3 5 2  8 , 4 2 3  1 9 6 , 7 9 1  24 , 5 9 9  
1 8  5 . 5  22 6. 7 9 3 , 94 3  1 4 , 9 0 0  2 4 , 1 5 6  5 ' 85 8  1 3 8 , 8 5 7  3 4 '  7 1 4  
1 8  5 . 5  24 7. 3 1 1 3 , 0 7 9  22 , 3 5 0  2 6 , 3 5 2  7 , 3 0 5  1 6 9 , 0 8 6  2 8 , 1 8 1  
2 0  6 .  1 22 6 . 7  7 4 , 8 0 7  7 , 4 5 0  2 4 , 1 5 6  4 , 7 4 1  1 1 1 , 1 5 4  5 5 , 5 7 7  
2 0  6 .  1 2 4  7 .  3 9 3 , 9 4 3  1 4 , 90 0  2 6 , 35 2  6 , 1 8 8  1 4 1 , 3 8 3  3 5 , 3 4 6  
2 2  6 .  7 24 7 . 3  7 4 , 80 7  7 , 4 5 0  2 6 , 3 52 5 , 0 7 0  1 1 3 , 6 7 9  5 6 , 8 4 0  
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TABLE 2 4 . COSTS FOR SHOULDER WIDENING (PER MILE ) 
SHOULDER WIDENING GRADE AND SHOULDER 
EACH SIDE TOTAL DRAIN COSTS STABILIZATION 
FT N FT N (DOLLARS ) COST (DOLLAR S )  
I 0 . 3  2 0 . 6  1 9 , 83 2  3 , 568 
2 0 . 6  4 1 . 2  2 6 , 965 7 0 1 3 6  
3 0 . 9  6 1 . 8  3 4 , 44 5  1 0 ,  ? O L1 
4 1 . 2  8 2 . 4  4 2 , 27 4  1 4 , 27 2  
5 1 . 5  1 0  3 . 0 5 0 , 451 1 7 , 84 0  
6 1 . 8  1 2  3 . 6  5 8 , 1 0 6  2 1 , 408 
7 2 . 1  1 4  4 . 2  65 , 7 6 1  2 4 , 9 7 6  
8 2 . 4  1 6  4 . 8  7 1 , 41 6  28 , 5 4 4  
COST-EFFECTIVENESS ANALYSIS 
The primary objective was to determine the cost­
effectiveness of projects involving lane and shoulder 
widening projects. The benefit-cost ratio for the proj­
ects then enters into the priority ranking of projects. 
To estimate widening costs, tables were prepared 
for average statewide values based on past contract 
prices in Kentucky. More exact costs should be used 
whenever available. Benefits should be computed 






ed from a highway improve­
ment (in dollars), 
annual percentage reduction in 
opposite-direction and run-off-
road accidents due to widening 
(see Tables 20 and 22), 
Ca average cost of each accident 
affected by the improvement 
($5,569 for opposite-direction 
and run-off-road accidents), 
N annual number of accidents 
influenced by improvements, 
and 
PWF present-worth factor used to 
convert benefits to present 
values. 
The value of the present-worth factor is based on 
the interest rate, AADT growth factor, and expected 
service life of the improvement. The interest rate 
selected was eight percent. An exponential growth 
factor of four percent was assumed for the AADT1s 
on rural, two-lane roads in Kentucky. This growth 
factor was obtained from the Division of Systems 
Planning and reflects recent volume trends. This was 
also in agreement with traffic growth nationwide 
from 1975 to 1976 on all non-interstate routes (20). 
SHOULDER TOTAL COST PER 
SURFACING COST FOOT ( 0 .  3 m) 
COST (DOLLARS ) ( DOLLARS ) (DOLLARS ) 
1 , 83 4  25 , 2 3 4  1 2 , 61 7  
3 , 6 6 8  37 , 7 6 9  9 , 4 4 2  
5 , 5 0 2  5 0 , 6 51 8 , 4 4 2  
7 , 3 36 63 , 8 8 2  7 , 9 85 
9 , 1 7 0  7 7  0 4 6 1  7 , 7 4 6  
I I ,  0 0 4  9 0 , 5 1 8  7 , 5 4 3  
1 2 , 8 3 8  1 0 3 , 5 7 5  7 , 39 8  
1 4 , 6 7 2  1 1 6 , 6 3 2  7 , 2 90 
The expected lives of most highway safety im­
provements are 20 years or less since replacement or 
refurbishing after a certain time may be needed. How­
ever, lane and shoulder widening may be considered 
a permanent improvement. Assuming proper mainten­
ance of the highway, the road will continue to provid� 
benefits in accident savings as long as it is in use. A 
recent publication in Idaho included benefits and costs 
from pavement widening and assumed a useful service 
life of 30 years (3). A 30-year service life was also 
selected for use here. Based on an eight-percent inter­
est rate, a four-percent exponential growth factor, and 
a 30-year life, the present-worth factor was 17.62 (21). 
The calcualted benefits, based on the equation 
given previously, may be large and depend on the per­
centage of accident reduction. Estimates of present­
worth benefits may be obtained from Figure 14. 
Present-worth benefits of $10,000 to $4 million are 
given for accident reductions of 5 to 60 percent. For 
example, consider a highway section with ten acci­
dents per year and an estimated reduction of 20 
percent, the present-worth benfits would a••nount 
to about $200,000. 
How much should the lanes or shoulders 
be widened to obtain the optimal benefits per dollar 
spent? To answer this question, plots were made 
of benefit-cost ratios versus accidents in Figures 15, 
16, and 17. For any lane width, widening may be made 
up to 1 1  feet (3.4 m). As stated before, little if any 
additional benefits may be obtained by widening a 
pavement to more than I I  feet (3.4 m) on rural, two­
lane roads. Separate curves were drawn based on calcu­
lated benefit-cost ratios for widening 7-foot (2.1-m) 
lanes to 9, 10, or I I  feet (2.7, 3.0, or 3.4 m) (Figure 
15). The ratios ranged from 0.2 for one accident per 
year to about 4.0 for twenty accidents per year. At 
least five accidents per year would prequalify a section 
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Figure 1 6 .  Benefit-Cost Ratios for Widening 8-Foot 
(2.4-m)Lanes. 
Figure 15. Benefit-Cost Ratios for Widening 7-Foot 
(2.1-m) Lanes. 
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A similar analysis for 8-foot (2.4-m) lanes is 
shown in Figure 16. Widening to I I  feet {3.4 m) would 
again result in the higher benefit-cost ratio. Slightly 
less than five accidents w ould again be needed to 
obtain a benefit-cost ratio of 1.0. 
Widening pavements less than 2 feet (0.6 m) 
was not considered to be a major improvement and, 
therefore, was not considered in this analysis. Benefit� 
cost ratios were obtained also for widening lanes 
from 9 to I I  feet (2.7 to 3.4 m) and from 10 to 
12 feet (3.0 to 3.7 m); this is shown in Figure 17. 
These figures show that widening pavements to at least 
I I  feet (34 m) may be optimal for all lane widths. 
If a two-lane highway with lane widths above 10 
feet (3.0 m) has a significat number of run-off-road 
and opposite-direction accidents, shoulder widening 
should be considered. Since shoulder widths were 
grouped for purposes of accident analysis, average 
shoulder width in each group was used in the economic 
analysis. For example, a shoulder width of 2 feet (0.6 
m) was used in place of the 1- to 3-foot (0.3- to 0.9-m) 
group. A 5-foot (1.5-m) shoulder was selected to repre­
sent the 4- to 6-foot (1.2- to 1.8-m) group, and 8 feet 
(2.4 m) represented the 7- to 9-foot (2.1- to 2.7-m) 
group. 
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Figure 17. Benefit-Cost Ratios for Widening 9- and 
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For pavements without shoulders, the optimal 
shoulder widening would be 5 feet (1.5 m) (Figure 18). 
Benefit-cost ratios ranged from 0.19 to 3.8 for one to 
twenty accidents per year. Slightly more than five 
accidents per year w ould be required in this way to 
result in a benefit-cost ratio above 1.0. 
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Figure 18 Benefit-Cost Ratios for Adding Shoulders. 
For 2-foot (0.6-m) shoulders, widening to 5 
feet (1.5 m) would be more cost-effective than wide­
ning to 8 feet (2.4 m), as shown in Figure 19. The 
benefit·cost ratios are also given for widening S�foot 
(1.5-m) shoulders. However, there were few rural roads 
with 5-foot (1.5-m) shoulders, and at least seven related 
accidents per year (benefit-cost ratio above 1.0) w ould 
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IDENTIFYING SECTIONS FOR IMPROVEMENT 
To identify highway spots and sections where 
improvements are needed, analysis of accident experi­
ence is normally conducted. High-accident spots and 
sections are identified initially based on the number of 
accidents. In rural areas, 0.3-mi!e (0.48-km) spots as 
well as 1- and 3-mile ( 1 .61- and 4.83-km} sections are 
routinely identified based on annual accidents of 4, 
10, and 20 or more, respectively. After sections are 
identified, they are ranked by the Rate-Quality Control 
method. This method utilizes a statistical test to 
determine whether the accident rate of a section is 
abnormally high in relation to a predetermined average 
rate for similar roads. The statistical tests are based on 
the commonly accepted assumption that accident 
occurrences are approximated by the Poisson distri­
bution (23). The critical rate factor for each section is 
first computed using the following formula (23): 
CR = 
in which CR 
A +  k .Jj7ffi + ! /2m 
the critical accident rate, or the 
rate necessary for a section to 
be considered critical (acci­






overall average accident rate 
for locations of like characterg 
istics in accidents per million 
vehicle-miles (1 .6 million vehic­
le-kilometers). 
annual vehicle exposure or 
number of million vehicle­
miles (1.6 million vehicle-kilo· 
meters) for the section, and 
probability factor determined 
by the level of statistical 
significance desired for the 
equation. 
The k value is determined by the level of probability 
(P) that an accident rate above A is abnormal ·· that 
is, sufficiently high that the accident rate cannot be 
reasonably attributed to random occurrences. Selected 









After the critical rate is found for each section, 
the actual accident rate for each section is then found 
for the previous year based on the formula: 
or 
AR = (A)(! ,000,000)/(365)(AADT)L 
AR = A/m 
in which AR = accident rate of a section for 
the previous year in accidents 
per million vehicle-miles (1.6 
million vehicle-kilometers), 
A number of accidents on a sec-
L = 
tion in the previous year, 
section length (miles) (1.6 
kilometers) 
The accident rate of each section is then divided by 
the critical rate to give the critical rate factor (CRF): 
CRF = AR/CR. 
This critical rate factor allows comparison of all sec­
tions on a similar basis. Sections with a critical rate 
factor of 1 .0 or above are considered to be 11Critical" .  
The higher the critical rate factor, the worse the sec­
tion is in terms of hazard to the motorist. 
3 1  
For 'this report, all !-mile (1 .6-km) sections with 
at least two opposite�direction or three run�off-road 
accidents were selected initially from the sample data. 
lnfonnation coded for each section included 
1 .  location (county, route, and beginning and 
ending mileposts), 
2. Average Annual Daily Traffic (AADT), 
3.  route type (state primary , state secondary, 
or rural secondary), 
4. lane width (feet), 
5 .  shoulder width (feet), 
6.  total accidents (in 1 976), 
7. number of run-off-road accidents (in 
1 976), and 
8. number of opposite-direction accidents (in 
1 976). 
Based on all available information, the average state­
wide accident rate (?\) was computed for run-off-road 
and opposite-direction accidents on rural, two-lane 
roads. This value for 1976 was 1 .65 accidents per 
million vehicle-miles (1 .6 million vehicle-kilometers) 
and was used in the equation for calculating critical 
rate factor. A probability level of 0.975 (k = 1 .960) 
was selected, which is rather high for such analyses. 
A computer program prioritizes highway sections 
based on the critical rate factors. This program con­
sisted of a Fortran module interfaced with a Mark IV 
module, which made all calculations and produced the 
desired tables. 
There were 350 sections (1 mile ( 1 .6 km) each) 
found to have critically high accident rates (critical rate 
factors of 1 .0 or greater). There were 77 sections with 
critical rate factors above 2.0 and 25 sections exceed­
ing 3.0. Five sections had critical rate factors above 
4.0. The highest of these was 4.83 on KY 468 in Pike 
County between milepost 9.0 and 10.0 A priority 
listing of the top 631 sections based on widening needs 
is given in APPENDIX A. 
The next step was to determine what improve­
ments, if any, should be recommended at the highest 
priority locations. For this step, a detailed study of 
all accident reports should be made for each section 
under consideration. Then, a field inspection should 
be made. 
If widening is recommended for these sections, 
a benefit-cost analysis would show which improve­
ments would be the most cost effective. As mentioned 
previously , sections with narrow lanes (less than 1 1  
feet (3.4 m)) were shown to give optimal benefits 
when widened to I I  feet (3.4 m). If the Jane widths 
are adequate , shoulder widening should be 5 feet ( 1 . 5  
m) in most cases. Where shoulder widths of 4 to 6 
feet (1 .2 to 1 .8 m) exist and an accident problem 
appears, widening to 8 feet (2.4 m) or more may be 
appropriate in some instances. 
32 
Based on the projected benefits and costs for 
widening of each section, priroity listings were made 
for lane-widening and shoulder-widening projects. For 
lane-widening projects, a total of 138 sections would 
result in benefit-cost ratios of 1 .0 or greater 
(APPENDIX B). Only four projects had benefit-cost 
ratios above 2.0. The top project (benefit-cost ratio = 
2.86) was KY 1 7  in Jefferson County from milepost 
1 3 .0 to 14.0, which had 9-foot (2.7-m) lanes and an 
AADT of 5,693. 
A priority listing of projects for shoulder widen­
ing was also obtained based on benefit-cost ratios 
(APPENDIX C). A total of 36 projects would result 
in benefit-cost ratios of 1 .0 or greater, and only four 
projects would exceed 2.0 or more. The top priority 
project was US 4 1  in Hopkins County between mile­
posts 12.0 and 1 3 .0 (benefit-cost ratio = 2.65), which 
had an AADT of 3,409 and no shoulder. 
SUMMARY AND CONCLUSIONS 
An in-depth evaluation of roadway and traffic 
conditions and accident occurrences was conducted 
for over 1 5,000 miles (25,000 km) of rural, two-lane 
roads in Kentucky. The cost-effectiveness of lane and 
shoulder widening was determined and a priority list­
ing of projects was made. The following is a summary 
of the findings. 
1 .  Run-off-road and opposite-direction acci-
dents were the only types which vary in relationship 
to changes in lane and shoulder widths. Accident rates 
and percentages were significantly lower where roads 
had wider lanes and shoulders. Accidents attributable 
to narrow lanes and shoulders were more severe than 
others. Cost of run-off-road and opposite-direction 
accidents was $5,569; the cost of other types was 
$2,199. The percentage reduction in accidents ranged 
from 1 0  to 39 percent for wider lanes and 6 to 2 1  
percent for wider shoulders. 
2. Benefit-cost ratios based on accident his-
tories were coinputed for widening lanes and shoulders. 
Widening lanes to I I  feet (3.4 m) may be the most 
cost-effective. Highway sections I mile ( 1 .6 km) in 
length with five or more run-off-road and opposite­
direction accidents per year should be considered for 
lane widening. Benefit-cost ratios would be the highest 
if shoulders were widened to about 5 feet ( 1 . 5  m). 
3. A priority listing was made of 641 
highway sections; 350 sections were found to be 
critical (critical rate factors of 1 .0 or greater). A 
priority listing was made of the top 1 28 sections :· 
benefit-cost ratios form 1 .02 to 2.86. Another priority 
listing was the top 36 projects where benefit-cost 
ratios were 1 .02 to 2.65 and so qualifying for 
shoulder widening. 
4. Accidents per mile (1.6 km) increased as 
traffic volume increased from 250 to 8,000. However, 
rates of single-vehicle accidents decreased as volume 
increased. Multi-vehicle accident rates were unaffected 
by changes in traffic volume. 
5 .  Highway sections having five or more 
access points per mile (1.6 km) have higher accident 
rates than sections having fewer access points. 
6. Accident rates for 10-foot (3.0-m) lanes 
on state primary roads with high volumes were un­
usually high. This indicated that lanes less than 1 1  
feet (3.4 m) wide may be unacceptable for state pri­
mary routes, especially if volumes are high. 
RECOMMENDATIONS 
It is recommended that each year !-mile 
(1 .6-km) sections with five or more accidents involv­
ing run-off-road or opposite-direction and having 
narrow lanes or shoulders be identified. These locations 
should then be analyzed for cost-effectiveness and 
ranked separately as lane and shoulder widening 
projects. Tnose qualifying for widening should be 
field investigated ;  cost estimates should be prepared 
for several \videning alternatives to obtain more accu­
rate benefit-cost ratios. These projects would be con­
sidered along with other safety improvement projects 
for implementation. 
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APPENDIX A 
PRIORITY LISTING OF SECTIONS 




0 3 6  0 1 22 
031 1005 
059 1 3 2 9  
098 0 1 94 
098 0<,68 
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h l 3  0032 
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0 2 S  G 4 1 S  
0()!1 0042 
0 1 '1  1 9 9 &  
0011 0 3 3 �  
0 9 7  0 4 5 1  
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9 3 . 9 3  
1 2 8 . 0 2  
5 1 . 3 5  
4 1 . 0 3  
9 7 .  d 5  
1 0 4 . ] 7  
6 4 . 9 2  
3 2 . 5 7  
5 7 . 0 8  
5 5 . 9 1  
4 1 . 3 0  
3 9 . 3 3  
2 2 . 4 6  
� o . o o  
3 7 . 2 8  
2 S .  76 
2 2 . 50 
6 4 , 8 5  
3 4 . 0 3  
60. i! A  
2 7 . 0 1  
4 0 . 6 5  
3 9 . 3 6  
2 5 . 9 2  
3 0 . 5 0  
l 7 .  56 
2 3 .  30 
2 7 . 35 
\ 4 o 8 2  
2 2 . 22 
2 5. 97 
2 9 . 3 3  
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3 9 . 4 2  
3 9 . 0 0  
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1 6 .89 
2 6 . 3 9  
3 5 . 5 8  
1 1 . 2 5  
3 3 . 4 \  
1 7 · 4 3  
l 3 . 9 8  
2 9 . 6 2  
1 5. t. 6  
2 1 . 6 4  
4 5 . 6 ':>  
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2 0 .  1 5  
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3 .  5 8  
3 o 99 
; . 99 
4, 6 7 
3 . 9 9  
6 , J  3 
3 .  5 7  
4 . 6 3  









0 2 29 
0 8 2 3  
0045 
0 6 0 1  
0 4 2 1  




0 1 2 7  
0060 
0 0 5 5  
0 0 5 5  
00 05 
0094 
0 0 5 1  
f) 1 2 2  
001>2 
G't2l 










0 0 0 1  
OJBJ 
0030 
c 1 2 2  
OLI't4 
C'JI'.O 
f) - . 2 l  
QQH1J 
r; 1 9'• 
0CJf>8 
0J6J 




0 06 ) 
r ·)'0 � 
C· l l 't 
0 1 9'. 
0007 










O J 2 3 
(·06d 
CJ9J 
0 0 6 1  
' h 2 1  
0 1 2 7  
0 0 2 3  
O d 0 5  
0 0 5 2  















0 0 2 3  
O JZ 7 













0 0 \ , 'JOO 
::J [ 7 , J Q Q  
ooa.ooo 
0 1 1 . 000 
0 2 1 . ]0 0  
004 .ooo 
O OQ , QOO 
0 1 9 . 0 0 0  
0 0 6 . 0 0 0  
0 0 1 .000 
o o  .. . ooo 
J 2 l . JOO 
0 \ J , ·JOO 
O O d . •J O O  
O l l . O O O  
0 l ' t  . ooo 
OO't • O O O  
O l 2 , Q O O  
D l 3 . JOO 
0 0 5 .-JOO 
J O O . O O O  
0 1 ! !  «JQ O 
:Jl J .  J O U  
009. JGiJ 
d 4 . JOO 
u 2 < t .  JOG 
u l<t . J O O  
'J l l .  '}00 
O 'J 9 ,  � ':' 0  
J l 3 .  JllO 
' H \ .'JilO 
CJ \ 3 . '! 0 0  
o z,, . ooo 
0 0 � . 0 0 0  
,J I •t • JOO 
L..Z't • J'JO 
U lJ ..JOO 
U D ·J , JOU 
0 z J ,')'J\) 
0 0J , JOO 
'J 5 8 .  )Q::J 
0 1) 9 .  ]:::''] 
(' \ 2 .  )00 
0 C• \ , :00 
·J 87 .-JO,J 
•lll I ,  JO•J 
" \ :) . )'),) 
\)I 2, l 0 J  
•J l O ,  J C J  
u I • J ,  JCIJ 
.:; r, u ,  J ::J J  
"8�. Jf>l 
lJJ2. j[•cJ 
L)C•5, ; J J  
· " ) v . ) O J  
O C 4 . J 0 0  
cJ 1 J .  J('j 
J •:••J , J C- J 
u 1 -r. ::o J 
r ) J 2 . J D v  
'J Ot, . .J QO 
•JO\ . J S ·J 
J ll j , JI}0 
"l 7 • .  )Q•) 
J(•9.J')J 
J I 7 ,•J')O 
0 l s •. J O:J 
J•J4 . J'JO 
iJ'H . •JOO 
•J'J" • J O ·J 
0 0 7 . ·J00 
� 0'J - JQO 
O Q 2 , JOO 
u o z . o o u  
G04 , JO•J 
J O "> . •J O G  
•J OO ,  •JO'J 
0(>3 • .  JO') 
U 0 9 . J C O  
1 ) (1 2 .  Jl)t) 
J lcl . JO O 
0 \ J , JOJ 
S O J , .)•JO 
O OJ , JO J 
'.J 0 6 , J O O  
0 07 . J OQ 
C. 'J d , J O O  
J Q 3 , •JOO 
o o a . J o o  
O il :J .  J'lO 
0 0 9 . 0 0 0  
0 1  '• . 1) 0 0  
u 0 7 . J O •J 
tl2U ,LJOO 
:.J 1 2 ,JOO 
U05 . 000 
0 0 1 . 100 
0')). ')1)0 
0 0 6 . 0 0 0  
0 2  i ··1C'') 
002 . o o o  
002 . 000 
o 1 a . oo·J 
0 0 9 . 00') 
() 12 .ooo 
1)22 . QO') 
OOS,QO.J 
00 1 . 01)•) 
020 . OOJ 
0 0 7 . 000 
002.000 
J 0 5 , QOO 
022 ,QOJ 
I) 1 1 . 000 
·J0 9 , QO.J 
IJ U . OO•J 
0 1  � .  001) 
0 0 5 . 00•.1 
J l 3 .00·-' 
0 1 4 ,  OOJ 
l)Q� . OO·J 
1)0 \ .  00'1 
0 1 9 . 000 
') 1 1 .  OOJ 
0 l ·l , DOll 
::J\ 5 ,  OOJ 
J 2 5 , QOJ 
J I � .  000 
') \ 2 .  CJOO 
0 l J .  ()[1) 
J 14 . 00') 
J l 2 . 00J 
ll 1 9 .  OO•J 
0 2 5 .  00 ) 
lJ O J ,  00'l 
J 1 5 .  CJO) 
J ? 5 .  OCl·J 
J 1 4 . 00 )  
0 0 1 .  OO•l 
J 2 4 . 00 J  
00 I ,Qil·J 
] � 9 . 00'.1 
J \ J .  0" J 
J l .J .O'lJ 
JOi . Q(h) 
0"3 .oo·, 
·}'l d . oc -, 
J l l .  or J 
'Jl j . 0 "  J 
j l l . 0(1 ) 
J 5 1 .oo� 
00.> .,]')) 
j(_, , , ,y:; ; 
u0:> . oo--, 
jQJ . 0(]_1 
0 0 ? .  00·.' 
,j I I  .J•}J 
0 0 9 ,  O•J,J 
J l U . O'JJ 
il8_l , OO·J 
J05 , QIJJ 
'JG2 . 00 J 
:J(14. 00 j 
8 H . O:J J  
Q L ! . Q) J  
:H J , OD J  
J I<> . OllJ 
0'J 5 . ooc• 
00,: . OOJ 
0 0 9. Oil · 
OO<J ,Qfi,J 
or 1 . ooJ 
J03 , QO<J 
0 0 3 . 00<:• 
0 0 5  .01}-J 
O I J .  i)Q•j 
0 0 1 . 000 
OC'9. O'lJ 
0 1  J .  0"0 
0()3 . 0 0 )  
'J I I • OC'J 
0 1 1 . 0'-lJ 
J O \ , OOJ 
J0 4 .  OrJ·J 
J 0 7 .  oou 
ooa . oo'l 
00 9 . DOLl 
O O 't , Q O J  
0 0 9 . 00'.J 
ooo . oo;: 
Lll J .  oo·J 
O l  S. ODJ 
0 0 8 . 00·) 
J 2 1  ,QO!J 
0 1 3  ,Qr)j 
006 , OOJ 
0 0 � . 0 0 )  
OOl , QOJ 
007 . OOJ 
o u . oo·, 
0 0 3  .oo:, 
AAOT RT LANE 
TYP WOT 
2800 R S  
4400 SP 
6 2 00 ss 
2894 ss 
4500 sr 
4 5 00 SP 
1 47 5  R S  
4 6 5 4  SP 
300Q SP 
b 3 3 2  S P  
1525 R S  
4 6 5 5  SP 
6 5 7 2  S D  
6 6 1 8  s s  
�029 ss 
1 5 69 ss 
1 594 55 
6 t.90 $$ 
3 \ OJ SP 
324J ss 
6U70 SS 
5 J 54 so 
r. t 3 9  , ,  
I 690 SS 
� I  71J Sf' 
1 700 '<S 
'> � 7 9  ss 
1 78-J s s  
7 24D S P  
3't2oo St' 
7 .I S S  SS 
� '• 3 5  s,:> 
l dQ,J SP 
3 500 S P  
I 869 S S  
360J ss 
7 8h 5"> 
7 d R 5  S P  
l 950 ,,, 
3 700 S'' 
l 91)0 so 
'J!Hd 5� 
r 101 s� 
3 d � l  ss 
A000 5>' 
? 0'· 5 s s  
2 J Q  J S', 
� , 7 �  s s  
7 l!0� ss 
'•053 'iD 
z t o :J  s·_; 
ZlDO SS 
1><.?'• SP 
':> 5 P ll  5'' 
2 30U �� 
4 3 1 3  5P 
6 7 7 5  ')P 
;> JD� >;• 
2<t3J s _;  
t � 7 0  � 5  
t �  7 0  s s  
2 409 s� 
2.,C'D 'iP 
•-dCJO s� 
?tt5rJ > P  
4 7 5•J 55 
4 7P.7 ss 
9 7 P 2  Si' 
4 1 30 SP 
2 � 0 G  55 
< 558 ss 
4fJB SP 
2 o J l  S P  
4910 SP 
7<,50 ss 
7 67 9 s s 
ssou rs 
5 't 2 4  v 
!!070 s s  
)l}6,) <;p 
3 2 00 55 
P 62•J Sf' 
3 2 7 5  S :.  
<J 249 sr 
3<tOIJ 5•' 
3482 So 
6 �68 SP 
360•) S P  
lo 5 3 9  SP 
3900 � � 
107� Sf' 
� 3 \ U  S P  
'• 500 SP 
7 � 6 7  SP 
8 70S SP 
:, 3 � 2  S P  
5 200 R S  
5 5 7 1  S P  
� 5 7 5  s s  
f.OOU 51' 
7 2 5 5  51' 
' · '  
I 2 . 0  
1 \ . 0  
, , 5 
1 z , o  
I 0 . 0  
, , ,  
I 0 . 0  
l l . O  
l o . o  
' · '  
I O. Ll  
J 2 , ()  
1 1 . 0  
' ·  5 
I Q , Q  
9 . 0  
1 o . o  
1 1 · 0 
1 0 . 0  
1 2 . 0  
L 1 .  o 
1 1 · 0  
J .  5 
1 2 . 0  
' ·  0 
l o. 0 
l o. 0 
l } . 0  
J \ , J  
1 2 . o  
1 o. 0 
\ O. G 
1 \ o i  
� .  5 
l :J . ll  
l } ,  J 
' · '  
I J , 0  
l 1 . u  
' · '  
1 1 . u  
1 2 . 0  
<J.·J 
' · '  
cJ , O  
l 2 . u  
' · '  
l o . u  
1 2 · 0  
J l ,u 
\ \ . 0 
1 2 . 7  
1 0 . 0  
I J . ·J 
1 2  . r, 
I 2 . u  
, , ,  
l o . u  
I O ,  5 
\ CJ , U  
\ \ .  5 
1 o. 5 
1 2 . 0  
1 z . o  
' ·  5 
' · '  
l z . o  
1 1 . 0  
1 1 . 0  
1 1 .  � 
] j , (  
; . ; 
\ 2 . 0  
1 \ . 0  
I J ,  0 
\ l oll 
l o. () 
1 J . ;J  
l l . C  
J J , u  
l (), 5 
I 2 . 0  
l l . C  
1 i . u 
l•J.u 
1 2 . 0  
1 o .  0 
1 0 . 0  
1 2 .  l 
1 2 . 0  
1 1  n J  
\ IJ ,  0 
l 2 . 0  
1 2 . 4  
l o . o  





· '  
· '  
· '  
· '  
z . o  
"' 
' .  5 
1 . 0  
. o  
' · '  
, ,  
· '  
, ,  
1 . 0  
, ,  
' .  5 
, , 
. o  
. ' 
2. J 
' .  5 
,LI 
5 . 0  
' . 5 
. ' 
· '  
. o  
3· 0 
. ' 
' · '  
. c  
\ . 2  
2 .  0 
' .  5 
. ' 
' · '  
1 . 0  
. o  
• 0 
. o  
1 . 0  
5 .  5 
' · '  
· '  
' .  5 
' .  5 
' .  5 
, ,  
' · '  
"' 
' , ,  
. o  
' .  5 
1 . 0  
TOT ROR 00 






















































2. 2 1  
2 . 84 
2. 44 
2 . 44 
] ,  7 1  
2 .  3� 




2 . J 8  
2 . 0 7  
z .  7 1  
3 . 4 9  
3 .  44 
2 . o �  
2 , -, 5  
z .  5 4  
\ .  99 
2 ,  I 7 
2. t 3  
3 .  2 4  
2 .  1 2  
3 .  2 2  
z ,  0 8  
3 . 0 8  
\ , 119 
2. 40 
1 .  �5 
z. 02 
3 . 0 4  
2 . 3 5  
2 . 93 
2 .  2 8  
\ .  1 5 
I ·  7'· 
2. a 1 
z . n  
2 .  a s  
1 . 87 
1 ·  7 ?  
z .  1 1 
1 ·  i! 3  
2 ,;,H 
2 . & ]  
\ .  8 3  
l . b  1 
2 . u 3  
2 . 6 1  
2 .  ,·,g 
1 . '/ l  
l .  � 7 
2 . 3 8 
1 .  9 1  
I .  o? 
z ,  3 2  
2.  zc, 
[ . lor 
J oo'l 
2 . Z 7  
2 ,  < B  
1 .  5 7  
z ,  2 4  
1 . 7 1  
\ ,  7 2  
1 . 40 
I. 7 4  
z ,  1 9  
z .  \ 4  
1 - 70 
2 . J B  
l o 6 7  
1 · ., 7 
L. 4 3  
l . 't'l 
\ , 5 2  
l .  3 6  
l .  '/9 
\. 7 1 
\. Z 7  
t . o  r 
1 ·  l � 
1 . <> 1  
[ . 57 
1 . 2 5 
I .  5? 
\. � 6  
t .  40 
! .  1 6  
1 . 2 7 
\ . 2 2  
l o U ]  
d5 
) , J2 
I . •J5 
· ' "  
· ' "  
' "  
. n  
(R I T  
R A T E  
4 . 6 3  
3 . 9 5  
3 .  5 4  
4 .  5 7  
3 . 9 2  
3 . 9 2  
6 . 0  L 
3 .  B S  
4 ·  5 1  
3 .  5 2  
5 . "1 2  
3 .  88 
3. 't� 
3 . 48 
4 . 5 0  
� .  8 5  
s. e 1 
3. 47 
4 . 4 6  
4 .  3 9  
3 . 4 4  
3 .  7 7  
3 .  7 5  
5 . 6  7 
3 .  75 
5 . 6 5  
3 .  7 2 
� . 5 4  
3 .  ) 'I  
4 . 3 0  
3 .  3 7 
). 69 
5. 5 2  
4 ,  2 7  
5 . 4 3  
4 .  2 3 
' . 1 1  
3 .  3 1  
5 .  34 
4 . \  � 
5 . 1 9  
l , 6 Q  
' .  3 0  
4 . 1 3  
3 .  5 <1  
� .  2 3 
5 . "  Q 
3. 5 cl  
s .  1 a 
4 . 0 6  
5 .  I ll  
5 . C1 a  
., . � l 
J .  4d 
,, • 9 '1  
� .  9 7  
3. 4 5  
'·. '"• 
� .  8 �  
'· 4 .. 
3 . 4 4  
<,- , 9 ()  
4 · " I  
3 . 4 2  
4 .  8 7  
3 .  8 5  
3 .  8 4  
1 .  1 2  
> . 8 6  
4 ,  B 3  
4 .  7 9  
' .  8 ]  
'•· 7 4  
3 .  8 1 
3 .  3 6  
J .  3 3  
] ,  6 8  
] ,  69 
3. 2 9 
4. "til 
4 .  4 1  
] . 2  3 
4. 3 7  
1 .  l 1 
4 d l  
4 .  2 8  
3 .  4<1 
"'· 2 3 
3 .  49 
4. I I  
3 .  4 1  
3 .  98 
3. 9 2  
3 d ()  





], 5 8  





PRIORITY LISTING OF 
LANE-WIDENING PROJECTS 
BY BENEFIT-COST RATIO 
43 

--- - -- - ____ ,_ _ _ _ _ _ _ _ _ _ _ _ _  --- - -=-------=- ---- :: _ _;:: --- -------- ------------- ---------------------------- _,: __ ---------------
0 0 1 7  
0 0 l 1  
0 0 1 7  
0042 
0 0 3 4  




0 0 2 3  
1 0 0 5  
0451 
0032 




0 2 3 7  
0 2 3 7  
0 3 5 3  
0 1 27 
I) 1 2 7  
0 0 7 2  
0060 
0 0 1 7  
0 0 1 7  
l 303 
1 5 0 1  
0472 
0'•90 
0 1 1 9  
0 8 0 5  
0040 
1 6 3 <3  
0 0 2 3  
0 0 3 2  
0 0 5 3  
0 2 3 1  
0009 
0056 
0 � 2 1  
0 0 � 5  
oooa 




0 0 1 8  
0 3 3 d  
1 2 9 2  






0 0 1 7  
0 0 1 7  
1954 
1 218 
1 6 3 8  
0 4 3 1  




c 21 1  
0 0 � 5  
0 4 1 8  
04� 1 
0 1 2 7  
0060 
0056 
1 6 6 5  
0045 
0062 
<H 1 9  
0 4 2 1  






c 1 22 
0�'19 
C�99 
0 1 9 9  
0 2 2 l  
1 2 9 2  
0460 
0 6 2 7  
0005 
JJ05 
1 9 %  
0060 
)96] 
0 1 4 9  
0032 
O 'I F I  





[' 1 7 2  
0 1 3 . 0 0 0  
O l t . O O O  
0 1 5 . 0 0 0  
0 1 0 . 0 0 0  
0 0 ! . 000 
0 0 3 . 0 0 0  
o t o . o o o  
0 0 6 . 0 0 0  
0 0 9 . 0 0 0  
0 2 6 . 0 0 0  
0 0 6 . 0 0 0  
0 1 0 . 0 0 0  
0 1 7 . 0 0 0  
0 1 9 , Q O O  
0 0 3 . 0 0 0  
0 0 3 . 0 0 0  
0 0 7 . 0 0 0  
0 0 5 . 0 0 0  
o o o . o o o  
0 0 :} . 0 0 0  
0 0 3 , 0 0 0  
0 0 � . 0 0 0  
0 0 9 . 0 0 0  
0 2 2 , J 00 
o t z . o o o  
0 1 4 . 000 
0 0 9 . 0 0 0  
o o o . o o o  
O O I . GO O  
G 0 3 . 0 0 0  
0 1 4 , GO O  
0 0 7 . 0 0 0  
o t a . o o o  
0 0 6 . 0 0 0  
0 2 G . OOO 
0 0 3 . 0 0 0  
0 0 4 . J O O  
Ll 2 2 .  8 0 0  
006. 0 00 
0 \ l .  JOO 
O IJ J , ,JOU 
J 2 z . J\10 
O Q 2 , J O O  
001, , 00 0  
o o z . J o v  
0 0 2 . ) 0 0  
0 0 6 ,  J O O  
o o � . o o o  
0 2 5 . 000 
0 0 3 , J O O  
0 2 0 ,  JOU 
0 0 3 . 0 0 0  
0 H ,  G O O  
Ll l  o . o o o  
0 1 0 . ') 0 0  
0 1 3 . 000 
0 0 [ ,  :)00 
'J J Q , JOO 
o o z . u o o  
U l lJ , J C O  
O G 5 , U O O  
oo,, . 'J O G  
0 2 6 o J O J  
0 0 9  . .  J 'l 0  
JG11 • JOCJ 
C"J7 . JOO 
:J O t .  iJOJ 
OOCI, JOO 
0 0 3 . ")00 
Q 1 1 . JOO 
O G 1 , 0 0 0  
o o z , J o o  
0 0 8 . 0 0 0  
0 0 ;) , :)00 
0 2 6 . 0 0 0  
0 1 5 ,  J O O  
0 1 4 .  J O O  
0 1 4 ,  J O Q  
G 0 6 , •JOO 
0 0 9 . J Q G  
009 • .  )00 
O J J , JOQ 
J 2 J , JO O  
J \ Z , J O O  
0 2 6 , :J O O  
O O J , J O O  
O O J , Q O O  
uo�. 'Joo 
0 0 1 . 00 0  
O G Z , J O CJ  
lJ 1 6 . 0 0 0  
O O ! . J O O  
0 0 7 ,  ·J00 
0 0 9 , 0 0 G  
O O J , O O G  
O O :J , J O O  
U C 1 , Q 0 0  
0 0 1 , J O O  
0 0 7 ,  Cl'lO 
0 1 7 . JO O  
O D  1. J O O  
:) l 2 , JOO 
00!!.')00 
01 7 • .  JOO 
0 1 9 . •)00 
o o s . n o o  
O l 4 o OOO 
0 1 2 · 000 
O I 6 . QOO 
O l i o  000 
0 0 2 . 000 
004oOOO 
O l l o OOO 
0 0 7 . 000 
o 1 o . ooo 
027. ooo 
007 o OOO 
O i l ,  000 




0 0 8 . 000 
OOt>.OOO 
007 , GOO 
0 0 1 . 000 
004. 000 
009. 000 
J l O . OOJ 
0 2 3 . 000 
0 1 3 . 000 
G l 5 o 000 
O l J o OOQ 
o o 1 . o o u  
002 . ooo 
004o 000 
0 1 5 o OOG 
OOB . 000 
0 1 9 o OOO 
007 . oou 
0 2 1 .  oou 
004.00U 
0 0 5 o OOO 
0 2 3 o OOO 
007 ·OGO 
0 1 2 . oou 
009. oou 
0 2 3 . 00J 
Q Q j .  00') 
o o s . oou 
OO:I.OOU 
003.000 
U07 , 000 
0 0 9 . 0 0 J  
02(;, . 000 
J04. 00(1 
0 2 1  • OOcJ 
004. 000 
0 1 9. oou 
·J 11 • Of''�' 
o u . ooo 
O l 4 o 000 
002 o GOO 
0 1 1 . 00 )  
0 0 3 ,  OOtl 
0 1 1 .  UQ•) 
QOh , OOJ 
G0 5o 000 
JZ7 , 0QO 
J 1 0 .  co,_, 
00� . ocu 
00� . 000 
002 . 00'] 
001 - 000 
004. 0·10 
') 1 2 · 000 
002 . Qr)fj 
000 , OOG 
J09. 00') 
UO I . OGO 
0 2 7 . 00'] 
0 1 6 .  00·} 
0 1 5 o 000 
LJI :) ,  OOcl 
0 0 7 . 000 
0 1 0  .ooo 
U 1 U . OO·J 
•J 1 9 o 0 0 J  
0 2 2 . 00,) 
o u . orw 
0 2 7 o 00CJ 
0 0 1 .  ooo 
004. 00•J 
U 0 9 . 0 0 l  
00� , OOJ 
ooo . ooJ 
U J / ,OOJ 
002 . 00•) 
0 0 3 , OOJ 
0 1 0 . 000 
J02 , OOJ 
0 0 1 . 00•1 
0 0 2 .  ooo 
002 . 00,) 
oos. ooo 
0 1 8  • OOJ 
•J03. OOJ 
'J 1 3 .  001} 
Q 0 9 o 000 
o t a . ooo 
J 2 0 . 00J 
009. 00·) 
AAOT RT LANE 
TYP W D T  
5693 55 
3 1 56 5 5  
5 6 9 3  ss 
5084 ss 
2 2 1 9  S P  
601 ss 
1 0 9 6  s s  
2 0 0 5  s s  
4 1 5 5  S P  
4 2 5 6  SP 
427 ss 
8 5  t R S  
673 ss 
1 5 6 0  SP 
863 R S  
7 1 0  s s  
7 300 SP 
2 0 7 4  s s  
2 0 7 4  s s  
980 ss 
3880 SP 
6 5 2 2  s s  
1 4 7 0  R S  
2 9 1 0  ss' 
5 693 ss 
5 693 55 
3 2 8 0  R S  
I 746 RS 
1 2 2 5  55 
1 5 0 0  s s  
1 1 00 SP 
2 5 0 0  55 
l 764 SP 
3 2 2 6  55 
4 30G SP 
2464 SP 
8 2 3  s s  
2 37 9  ss 
5 3 9  5 5  
2'+78 ss 
2 7 0 1  S P  
SOOO SP 
2 260 55 
2 5 1 0  5 5  
601 ss 
b I 00 S P  
4500 51' 
1 6 0 4  ss 
4 4 1  R 5 
398 Rs 
2 � 0 0  55 
1 � 7 4  5 5  
l 4 0 U  5 5  
I 3'>3 55 
I 890 SS 
5 � 1 5 ss 
6 3 3  ss 
' 1  56 55 
1 00o � s  
692 R S  
3 0 2 5  s s  
I 500 SP 
Z Z O B  R S  
1 7 5  R ',  
<' d 1 4  5P 
'•251! RS 
? 3 4 7  S? 
302!1 SP 
41 B S S  
4 8 3  R S  
8044 SP 
2 1 7  2 SP 




2 1 6 8  51' 
h 2 5 0  SP 
3 1 3 8  $5 
3 5 50 SP 
1-, 500 SP 
t "167 SP 
3682 SP 
l S69 SS 
107 R S  
4 6 7  R S  
700 RS 
2032 55 
2 5 R O  S S  
3't8 R S  
l l  8 9  SP 
995 s s  
3 362 ss 
42 0·] 55 
2 7 4  R J  
71;185 SP 
7 4 1  p 3 
680 R S  
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